; rstuvwe3eaba, & Th$k - 1 SEM CONDUCTOR STORAGE DEVI CE AND | NFORVATI ON
APPARATUS BACKGROUND OF THE | NVENTION 1. FIELD OF THE | NVENTI ON: The
present invention relates to a non-volatile 5 nmenory in which data is

electrically rewitable, e.g., a sem conductor storage device m m
flash EEPROM or the like, and to an information device using t ﬂm mmm,,m”ﬂﬂ”m
non-vol atil e nmenory, such as a cellular phone termnal or the

DESCRI PTI ON OF THE RELATED ART: Conventionally, in a non- volatlle

sem conduct or storage device (a non-volatile nmenory) in which data is
electrically rewitable, e. g. , a flashlEEPROM a data read 15 operation
is performed as follows: as shown in Figure 8, the sanme drain voltage is

applied to a SBMIGONDIZ TORGITGRAGEt DEVPCE dRNBEr INFORMADIGNS habBARATUS) Whi ch
is called a "reference cell” , and to a nenory cell MCO of a nmenory array

on which a data read operatgggKFﬁogg f%@“?ﬁE‘%N&éN@Poﬁhe sane gate vol tage

is applied by a reference wor I ne ecoder a normal word |ine decoder,
and a difference between the values of currents flow ng through the nenory
cells RCOand MO is anplified by a sense anplifier S/A and the result of

the anplificaiioprkggpr ead it Be/EtPr64d.: - 2 data. In a conventiona
method f or applying a gate voltage to a reference cell RCO a gate voltage

is constantly 5 applieglet®rébenteinrenes onelle IRE@sVMHd @ hive -SAsaRi s Mol t age
is supplied to the storage device (see Figures 9

5 memory in which data is electrically rewritable, e.g.,
a semiconductor storage device such as a £lash EEPROM or
the 1like, and to an information device using the
non-volatile memory, such as a cellular phone terminal
or the like.

10
2. DESCRIPTION OF THE RELATED ART:

Conventionally, in a non-volatile semiconductor
storage device (a non-volatile memory) in which data is
electrically rewritable, e.g., a £lash EEPROM, a data read

15 operation is performed as follows: as shown in Figure 8,
the same drain voltage is applied to a memory cell RCO
set at a predetermined threshold value, which is called
a "reference cell", and to a memory cell MCO of a memory
array on which a data read operation is performed, while

20 the same gate voltage is applied by a reference word line
decoder and a normal word line decoder, and a difference
between the values of currents flowing through the memory

cells RCO and MCO is amplified by a sense amplifier S/A,

and the result of the amplification is read out as stored

L
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through 11). In another conventional nethod, a gate voltage is applied to
the reference cell RCO according to an ATD signal which is activated during
the data read 10 operation (see Figures 12 through 14). Each of these

met hods wlll be specifically described below. Figure 9 is a block diagram
showi ng an exenplary structure of a primary part of a conventiona

non-vol atil e 15 sem conductor storage device 10. Figure 9 illustrates a

met hod wherein a voltage is constantly applied to each of the word |ines of
reference cells RCO RCl and RC2 while the supply voltage is supplied to
the storage device. 20 In Figure 9, the conventional non-volatile

sem conduct or storage device 10 includes: a nenory cell array RA forned by
a plurality of, reference cells RCORC2 (hereinafter, referred to as
"reference ar RA" ) ; level shifters LSO and LS1, which forma word line
control - 3 circuit for controlling the word |Iines of the reference
cells; a menmory cell array MA (hereinafter, referred to as "nenory array
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for veri write operation . A reterence
RALO i s CO“”eQLtSEd skﬁaﬁﬂf‘ecgatﬁ ¥nd hes ¥ &t é;c_!iénccf‘e&féés Re0-2anfl; Fatesagd a
reference cell wordl'ine RAL1 is connected to the gate

through 11). In another conventional method, a gate
voltage is applied to the reference cell RCO according
to an ATD signal which is activated during the data read
10 operation (see Figures 12 through 14). Each of these

methods will be specifically described below.

Figure 9 is a block diagram showing an exemplary

structure of a primary part of a conventional non-volatile

15 semiconductor storage device 10. Figure 9 illustrates
a method wherein a voltage is constantly applied to each

of the word 1lines of reference cells RCO, RC1l and RC2 while

the supply voltage is supplied to the storage device.

20 In Figure 9, the conventional non-volatile
semiconductor storage device 10 includes: a memory cell
array RA formed by a plurality of reference cells RC0O-RC2
(hereinafter, referred to as "reference array RA"); level

shifters LSO and LS1, which form a word line control



15 of the reference cell RC2. ADbit line RBLOis connected to the drain of
the reference cell RCO a bit line RBL1L is connected to the drain of the
reference cell RCl; and a bit line RBL2 is connected to the drain of the
reference cell RC2. The sources of the reference cells RCORC2 are 20 all
connected to a commn source line RHS. The | evel shifters LSO and LS1 are
powered by a node voltage HW. for word lines . The level shifter LSO
receives a reference cell selection signa SELO and - 4 outputs a

vol tage based on the received reference cell selection signal SELOto the
reference cell word line RALO, thereby selecting the word |ine RALO The

| evel shifter LSl receives a reference cell selection 5 signal SEL1, and
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reference cell word fine RWLO is 15 sel ected. When the reference ce
sel ection sigpakodklrl ApEEN a tACIRREERE abraf 1ihe R ferexpryREd | ine
RAL1 rises, whereby the reference cell word |ine 1 is selected.

and a redundant word line decoder XRDEC.

The reference array RA includes: the reference

cell RCO used in a data read operation; the reference

10 cell RC1l used for verifying deletion of data; and the
reference cell RC2 used for verification in a data write
operation. A reference cell word line RWLO is connected

to the gates of the reference cells RCO and RCl, and a
reference cell word line RWL1 is connected to the gate

15 of the reference cell RC2. A bit line RBLO is connected
to the drain of the reference cell RCO; a bit line RBL1

is connected to the drain of the reference cell RCl; and

a bit line RBL2 is connected to the drain of the reference

cell RC2. The sources of the reference cells RCO0-RC2 are

20 all connected to a common source line RHS.

The level shifters LSO and LS1 are powered by a
node voltage HWL for word lines. The level shifter LSO

receives a reference cell selection signal SELO, and



20 The nenory array MA includes a plurality of nenory cells as nenory

el ements arranged in a matri x along row and colum directions. Herein, the
description is sinplified by referring only to nenory cells MCO and MC1 of
the nenory array MA. A nenory array normal word -5 line ML is
connected to the gate of the nmenory cell MCO, and a nmenory array redundant
word line ReWL is connected to the gate of the nenory cell MC1. A common
bit line MBL is connected to each of the glrains of the nenory cells MCO 5
and MC1l, and a source line MHS is connected to each of the sources of the
menory cells MCO and MCl . The source lines RHS and WHS are generally kept
at the ground level, but controlled to be at a different |evel when the

For examl e, C@“'ti"fféi & T Qe iR aclh oY Ry Reftreie Oa0 s n
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and a word I|ne enabl 1 ng i nput to the nornma
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predecoder XPDEC out'puts a nor word line se ectlon sign

normal word | ispg rdeGoqad1 XDEGce%QzeE“e gor 'ﬁlfé@é&cé' n%efiqCOd@élé(QEJ@th

powered by the node voltage HAL for word lines . Further, the normal word

line decoder ¥DEGAICHEIES ohd FutIutivbilRe Re RGBS LHA e SXi WhACh i S
output fromthe normal word |ine predecoder XPDEC, and outputs a voltage to

a -s predet elefidiethdegely $¢Yayt Doh gl iSEL D& oMiie deFer@nte E@lllhe
normal word |ine selection signal SX, thereby selecting the predeterm ned
menory array womdslinerRBWLinecHdMebpselecting theword line RWL1. The
reference cell selection signals SELO and SEL1l are
exclusively activated, such that one of the signals SELO
10 and SEL1isON(e.g., whenthesupplyvoltageVCCis supplied
to the storage device 10) while the other is OFF. For
example, when the reference cell selection signal SELO
is ON, the potential of the reference cell word line RWLO
rises, whereby the reference cell word line RWLO is
15 selected. When the reference cell selection signal SEL1
is ON, the potential of the reference cell word line RWL1

rises, whereby the reference cell word line RWL1 is

selected.

20 The memory array MA includes a plurality of memory
cells as memory elements arranged in a matrix along row
and column directions. Herein, the description is
simplified by referring only to memory cells MCO and MCl

of the memory array MA. A memory array normal word



The redundant word |ine predecoder XPRDEC receives the address signal ADD,
the word |line enabling ATD signal SPW and a redundant word |ine address
signal BADD. According to these signals, the redundant 10 word |i ne
predecoder XPRDEC out puts a redundancy determ nation signal MD to the
normal word |ine predecoder XPDEC, and a redundant word |ine selection
signal RXto the redundant word |ine decoder XRDEC. 15 The redundant word

| i ne decoder XRDEC i s powered by the nodesvoltage HAL for word |ines.
Further, the redundant word |ine decoder XRDEC receives a redundant word

i ne selection signal RX which is output fromthe redundant word |ine
predecoder XPRDEC, and outputs a 20 voltage to a predeterm ned nenory array
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sel ected. Figure shows, fromthe ottom o I gure
supply val tage{CHed h dg ¥8 €15 S GdideSted €81 BaBR2BE NI
signal CE# which is a g%%?r%l s%lg%gl l% fg@{i \\é%{i ng ﬁ"ﬁ %t or ageaﬁfe]vi (hiue 10;

an out put enalieNgo%ir@d PE#NBhEROLS e €08t fieb ahanAkaf.or TRar gbhitRy data
output ; the word line enable ATD signal SPW 15 which is output from an

address transiltinds FHSNOMHE bt eherall 15hR8Pt)at thitegpouad Labeof, the
reference cell word line RALG the normal word line selection signal SX;

t he potenti al baft thatiellied abrisy atoandkl £ferent i hevdllwherndhichetpoagnat i al

of the nmenory array redundant word 20 |ine ReW.. Wen both the chip

enabl i ng si ghalev@Ee direl itrhea eigquita emaide ngsweignas @FEHeatemaflet be gheund

| evel , a data read operation can be perforned. The chip enabling signal CE#
and t he 1dut putlideabl | Fpsi granplE# ate @ondebdetipgnanedgendis | younpkoyed
in a sem conductor nenory, and g _therefore are omtted fromthe bl ock
di agram of Fi ddmes RH$, andeMiByare @ éh hddthy velerget Levall-y rewitable |
e.g., the non-volatile sem conductor storage device 10 5 (such as a flash
EEPROV), data can be read out unless a data wite command or data del etion

command is issued i di ately after %he suppl.y vol.ta .S start to_be
applied. That is, thelchPBURRaRcingetPEmAracaR™ 5ioked My ng eHdress
sem conductor Ghi b anghfhe, QUL PUL, §N3BlLNA cv1ing ATD signal SPW are
15 input to the normal word line predecoder XPDEC. Based
on these signals, the normal word line predecoder XPDEC
outputsanormalwordline selectionsignal SXtothenormal

word line decoder XDEC.

20 The normal word line decoder XDEC is powered by
the node voltage HWL for word lines. Further, the normal
word line decoder XDEC receives a normal word line
selection signal SX which is output from the normal word

line predecoder XPDEC, and outputs a voltage to a



10 signal OE# for permtting data output froman output pad are decreased
to the ground | evel, whereby information stored in the nmenory cell MCO can
be read out. Referring to Figure 10, after the storage 15 device 10 is
powered on at tine t0, the supply voltage VCC begins to rise. Thereafter,
at tinme tl, the node voltage HAL for word lines, which is used for reading
of data, begins to rise. 20 At this tinme, for the reference cell RCO the
reference cell selection signal SELO is. @GN while the reference cel
selection signal SEL1 is OFF ( ground level ) , the word line RALO of the
reference cell RCOis charged through the Ievel shifter LSO with the node

vol t age HW g for word lines (about DC 5 V) Furthernore, the bit |ine
RBLO | ect d, | i || RCO
Lo cxbEdas S 05 SRR U RS 14D TR 11 B, ML LR PaRL,

state occurs g@ t?ﬁgné?ﬁglc dl&ﬁfbﬁﬁ%ﬁg:tfgnt%gﬁngat%ﬁtupp §Evé§tage

i medi ately a orage device owered

VCC, the storggqb%\irfge Lfel }rfoénééa%e i &aql%gjo%yst gagyrhg;e hn this

state, data can be read out orage device creaS|ng t he
chi p enabling 8i@#wrCE# and the output enabling signal OE# to the ground
| evel . Then, at tine t3, the word |line enable ATD 15 signal SPWrises in
responsesto the chip enabling signal CE# reaching the ground level. At tine
t4, the normal word line selection signal SX rises to the supply voltage

level . 20 At time t5, Thiae ped@rhaahtof WdiRl predeeer Prietk d®A®F YXPRDAYE
normal word line MAL rises in response to

receives the address signal ADD, the word line enabling
ATD signal SPW, and a redundant word line address
signal BADD. According to these signals, the redundant
10 word 1line predecoder XPRDEC outputs a redundancy
determination signal MD to the normal word line
predecoder XPDEC, and a redundant word line selection

signal RX to the redundant word line decoder XRDEC.

15 The redundant word line decoder XRDEC is powered
by the node voltage HWL for word lines. Further, the
redundant word line decoder XRDEC receives a redundant
word line selection signal RX which is output from the
redundant word line predecoder XPRDEC, and outputs a

20 voltage to a predetermined memory array redundant word
line ReWL according to the redundant word line selection
signal RX, thereby selecting the predetermined memory

array redundant word line ReWL.



the rising of the normal word |ine selection signal SX. Note that since the
menory array redundant word line ReW. is not selected in this exanple, the
potential of the nmenory - 10 array redundant word |ine ReW. remains at
the ground level . After a while, reading of data is conpleted, and the
word |ine enable ATD signal SPWfalls to the ground 5 | evel at tine t6.
Accordingly, the potential of the predeterm ned nenory array normal word
line ML falls to the ground level at time t17. During the above operations,
the reference cell word line RALO of the reference cell RCO al ways remains
hi gh. 10 Next, a word line selection operation is described wth reference
to the timng chart of Figure 11, which is perfornmed by a word |ine control

f f |
rray, 15 and o redunBant ot HETeehebs cufFafERh & fefettiarfhsEinen a
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in Figure 10, and t'‘herefore, the description thereof is herein omitéed. The

fol | ow ng desgkirpli OBnef at PEaWREE K] w&%al 2¢hiOBoARebAt EQPcuit £dr PEEI NS
with time t4. As shown in Figure 11, after a while since the word [ine

enabl e ATD si gambr$Pa¥hag vihérea,nérher@@ﬁffahn\mﬁéind)rﬁ%r&a@ehﬁﬁnlaq_nwétana' SX
rises to the supply voltage level at tine t4, and accordingly, the

potential of ftheemdmsorselasaiaeydnormal word | ine MAL beginsto rise. However
i mredi ately after that , a redundancy determ nation signal MD is issued,
and the normal word |ine predecoder XPDEC receives the 10 redundancy
determ nation signal MD and | owers the normal word |ine selection signal SX
back to the ground | e¥égure 10 shows, from the top to the bottom of
10 Figure 10, supply voltage VCC; the node voltage HWL for
word lines; a chip enabling signal CE# which is a control
signal for activating the storage device 10; an output
enabling signal OE# which is a control signal for
permittingdataoutput:; theword line enable ATD signal SPW
15 which 1s output from an address transition detection
circuit (not shown):; the potential of the reference cell
word line RWLO; the normal word line selection signal SX:
the potential of the memory array normal word line MWL:
and the potential of the memory array redundant word
20 line ReWL. When both the chip enabling signal CE# and
the output enabling signal OE# are at the ground level,
a data read operation can be performed. The chip enabling

signal CE# and the output enabling signal OE# are control

signals generally employed in a semiconductor memory, and



The normal word |ine decoder XDEC receives the |owered normal word |ine

sel ection signal SX and |l owers the potential of the nenory array nor mal
word line MAL back 15 to the ground level. Substantially at the sane tine
as the potential of the nenory array normal word |ine MAL being | owered
bank to the ground level ( at tinme t5 ) , the redundant word 20 |ine

sel ection signal RX output fromthe redundant word |ine predecoder XPRDEC
reaches the supply voltage level. As asgsult , the potential of the nenory
array redundant word line ReW. rises in substitution for the nmenory array
normal word |ine MAL. - 12 In this exanple, the nenory array nornmal word
line ML is switched to the nenory array redundant word line ReW. after the

potenti al of ry_arra r rd begi n 0 Lls€y Thi s
e because t h REREAEauBrS (kb CRActRan RS Rboek HNGeLars Rt FFaktEes  ne
normal word line selection signal SX while the redundant word |ine
predecoder XPRDEC i s considering whether the word |ines should be swtched,

and accordingl y. 2 cehicihenb £OINl0hakbT® L PokauLEYLRRERILND. the

normal word |ine selection si e redun ancy déterm nation signa

MD. After readi F;g Ofth@atrfi‘)r!-sv&ﬂ@ifé eQemiESnW%GEo'z' & ok fhadd$ A D1 g1 gnal
SPWfalls to a Tow level (GNDTevel) at time t6. Accordingly, the redundant

word 1'ing sel gghichn a% ﬁn@la@i ERPROMY, [dd® Idan WYl ASad 6@EULh1esECa
potential of the memory array redundant word line ReW. falls to the ground

level . data write command or data deletion command is issued
immediately after the supply voltage is started to be

applied. That is, the chip enabling signal CE# for

activating the semiconductor chip and the output enabling

10 signal OE# for permitting data output from an output pad

are decreased to the ground level, whereby information

stored in the memory cell MCO can be read out.

Referring to Figure 10, after the storage

15 device 10 is powered on at time t0, the supply voltage
VCC begins to rise. Thereafter, at time tl, the node
voltage HWL for word lines, which is used for reading of

data, begins to rise.

20 At this time, for the reference cell RCO, the
reference cell selection signal SELO is ON while the
reference cell selection signal SELL is OFF (ground level),
the word line RWLO of the reference cell RCO is charged

through the level shifter LSO with the node voltage HWL



20 Figure 9 shows also the reference cell RCl used for verifying deletion
of data and the reference cell RC2 used for verification in a data wite
operation. These cells are now briefly descri bed bel ow. - 13 \Wen a data
wite operation in the nmenory array MA is perforned, a verifying operation
is perfornmed for determ ning whether or not witing of data is normally 5
performed. During the verifying operation, the reference cell selection
signal SEL1 is ON (high level) whereas thg reference cell selection signal
SELOis OFF ( low level ) . Meanwhile, the bit line RBL2 is selected so
that the bit [ine RBLO of the reference cell RCO for reading data is 10
unsel ected. As a result, the reference cell RC2 becones accessible. On the

th hand, t [ RHS i th d | I, dth d
Vol tage ML | GPPIIORR| heBere (IRTREcRE Bo Uk o FURBIAETSTR. (asDLe
f I, foyi gperation. 15 t wh del ti [
ber formed on DRSS 0 PRy e B FOEnGOBBBras B Ce pBRl SFRoh e or

per f or e : | Bpera i
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(high level) gﬁﬁg ref C sel § ghaly S [ ( low
| evel ) . As ré@ﬁ%%k}tgﬁé b?’lthq'lgi ﬁgi%kﬁ ?’S se ogL(r;hfée% o) tt%g'%:;:%l% ‘rggggrence
cell RCldfor weridad bgd i 98 9Esfdaga becomes accessible. On the other
hand, the comon source line RHS - 14 is at the ground level as in the

wite verifying operation, and the node voltage HAL for word lines is
increased to, e.g. , about 5V, so as to performa verifying operation. 5
Figure 12 is a bl ock diragiiafe StpWREcANdHireXenfkaik teliUE & Othed
primary part of a conventional non-volatile sem conductorstorage device 11.
Figure Z2 il ustoraiges deviiRidorb Whie powie redv ot agehi suppplyi edltaga veterence
cell word Iine RAL of a reference cell RC 10 according to the word |ine
enabl e ATD si ghal sEBvage deviizeaclto st éd dudahg neddbhleeatadper athah. In
Figure 12, the conventional non-volatile sem conductor storage device 11

i ncl udest0 a neésor yncEhlisl5tateay dRAa gehubdengeadr efisr Enow thel sRorage
(hereinafter, referred to as "reference array RA"), a reference word |ine
control circuidevdge d¢bypagcEeidsing sheMihiReerpRafingr sigapér FES abdas

"menory array MA'"), which is a data stora%F region; a normal _word |ine
the ‘output enabling signal OE# to the ground level.

Then, at time t3, the word line enable ATD

15 signal SPW rises in response to the chip enabling
signal CE# reaching the ground level. At time t4, the
normal word line selection signal SX rises to the supply

voltage level.

20 At time t5, the potential of the predetermined
memory array normal word line MWL rises in response to
the rising of the normal word line selection signal SX.
Note that since the memory array redundant word line ReWL

isnot selected in this example, the potential of the memory



20 predecoder XPDEC, a normal word |ine decoder XDEC, a redundant word |ine
predecoder XPRDEC, and a redundant word |ine decoder XRDEC. The arrangenent
of the menory array nornmal word line MAL, a circuit systemfor selectively
controlling the nmenory array redundant word - 15 line ReW, and the
circuit structure of the nenory array MA, and operations thereof , are the
sane as those in the non-volatile sem conductor storage device 10 shown in
Figure 9, and therefore, descriptions thgrpeaf are herein 5 omitted. The
reference array RA includes the reference cell RC used for reading data. A
reference cell word ine RAL is connected to the gate of the reference cel
RC, 10 a bit line RHL is connected to the drain of the reference cell RC
and a source |ine RHS.is.connected.to the source of .t ref erence cell RC
Mhe source ARIEIERINEAGBRIGH§ ]R8, FalE FraSpd et Re o i Taie: o | oc
to be at a different |evel when the storage device is in a special node,
such 15 as a test node or the like. For exanple, in a deletion node, the
source line RHS is at i ge.l | . r el t |y

reference cell RC forAgg%H?%g%gé?%'i§es§§ﬂ#'?% E?gargglggmggFg%gﬁcéH§EIIs
used for witihg gloRuady JhAMEUAS Y5l Y SAUPEASESSLBILABY ghuRROVI ded
20 in other ref erence arrays , or may be provided in the re ergnce array
RA of Figure hangesper swd i ol NeRE8LRH8Gs WOtke | bBRRnYidiNCot |E§_e
Herein, the description is focused on the reference cell RC for reading
data, and desgrdid amAROEimdhery i P eRy a1 woieed in@ Wi FiaNd s to 16

of data or in a deletion verifying processing, and interconnections for
control i ng thesegretnbensee Call 6im8dtgont patiagrins kboveespéhet evhkh, are
omtted. 5 The reference word line control circuit CUis powered with the
node vol t age HWe fefenendeldelebwoThel ired RWNC & At €l reifled-edmyd ¢@L1CRCOUI t CU
controls the potential of the reference cell word line RAL. The reference
word |ine contrlelays rmemainy) hiéghi.ves the word 10 |ine enabl e ATD signal
SPWwhich is issued when data is read out and a test word |ine selection
signal S0 for

Next, aword line selection operation is described
with reference to the timing chart of Figure 11, which
is performed by a word line control circuit for reference
cells, anormal word line control circuit for memory array,

15 and a redundant word line control circuit for memory array
when a redundant word line is selected. In Figure 11,
a redundancy determination signal MD and a redundant word
line selection signal RX are considered in addition to
the various signals described above, and a redundant word
20 line is considered in place of the memory array normal
wordline MWL. Theoperationfromtime tO throughtime t3
is totally the same as that described in Figure 10, and
therefore, thedescription thereof ishereinomitted. The

following description of theword line selection operation



selectively controlling the reference cell word line RAL in a forcible
manner during the test node. The reference word |ine control circuit CU
outputs a voltage to a 15 predeternmi ned reference cell word Iine RAL based
on the above signals, thereby selecting the predeterm ned reference cel
word line RAL. Now, a word line selection operation is described 20 with
reference to the timng chart of Figure 13, which is perfornmed by a word
line control circuit f or the ref erenceigcells, a normal word |ine control
circuit for the nmenory array, and a redundant word line control circuit for
the menory array when a non-redundant normal word line is - 17 sel ected.
As in Figure 10, Figure 13 shows, fromthe top to the bottomof Figure 13,
supply voltagg VCC  the.node 5 voltage HAL for word lines; a chip enabling
si gnal CE# thSHlP§ X&'quﬁﬁm%oﬁ?rol signal for enabling a read or wite
operation in the storage device 10 (the storage device 10 can be operated
when the chip enabling signal CE# is at the ground | evel); an output

enabl i ng signal OB% 1 (il G30e DoubEad1Ote YEER i1 8K, ERANLP

signal OE# is at the groun eve \ i ne enable signal SPW
the potential 19heldieabSEAMNSE gl ¥ Hals! Pfs&{\!itﬂé‘%owa@llvo%rﬁiﬁé”e

sel ection signal SX; the potential of the nenory array normal word |1ne

MAL; andst he pgh@eiiidin %ifg?lfalt R R t3F EA¥ g@ﬁgw{%w@gd 1kpe1ReVL.

Referring to Figure 13, after the storage device 11°is powered on at tinme

t0, the suppl ¥inel tageaVFaRRAdINdGy | tE8 potha{€rdl of, t18d mknoRytdrrdfe node
20 voltage HW. for word lines, which is used for reading of

normal word line MWLbegins torise. However, immediately

after that, a redundancy determination signal MD is issued,

and the normal word line predecoder XPDEC receives the

10 redundancy determination signal MD and lowers the normal

word line selection signal SX back to the ground level.

The normal word line decoder XDEC receives the lowered

normal word line selection signal SX and lowers the

potential of the memory array normal word line MWL back

15 to the ground level.

Substantially at the same time as the potential
of the memory array normal word line MWL being lowered
back to the ground level (at time t5), the redundant word

20 line selection signal RX output from the redundant word
line predecoder XPRDEC reaches the supply voltage level.
As a result, the potential of the memory array redundant
word line ReWL rises in substitution for the memory array

normal word line MWL.



data, begins to rise. At tine t2, the non-volatile sem conductor storage
device 11 (a. g . , f lash EEPROMor the like ) is in - 18 5 a data
readabl e state imrediately after it is powered ON. That is, in this state,
a data read operation can be carried out by decreasing the chip enabling
signal CE# to the ground level. Then, at tine t3, the word |line enable ATD
signal SPWrises in response to the falling of the chip enabling signal
CE#. In response to the rising of the worg line enable ATD signal SPW the
reference cell word 10 line RAL is charged with the node voltage HAL for
word lines at tinme t4, and at the same tinme, the normal word |ine
predecoder XPDEC i ssues the normal word |ine selection signal SX. 15 At
time t5, the normal word Iine pre decoder XDEC raises the potential of the
menory array normal word |line MAL according to an output of the normal word
| i ne selection signal .SX._,Note that.the potential of the nennrggarra

normal word |ine MAL f[irlseté'ljvﬁtﬁxamgﬂ‘feghtt el &y BeRi ARG 5T the P iﬂaréf t he
e e Cen I e k£ 8 6 RGP AR Beh B P«
to the groundline ReWL after the potential of the memory array normal
5 word line MWL begins to rise. This is because the normal
word line predecoder XPDEC undesirably issues the normal
word line selection signal SX while the redundant word
line predecoder XPRDEC is considering whether the word
lines shouldbe switched, and accordingly, acertain length
10 of time i1s required for canceling the normal word line

selection signal SX by the redundancy determination

signal MD.

After reading of data is completed, the word line
15 enable ATD signal SPW falls to a low level (GND level)
at time t6. Accordingly, the redundant word line
selection signal RX falls at time t7, and as a result,
the potential of the memory array redundant word line ReWL
falls to the ground level.
20
Figure 9 shows also the reference cell RC1l used
for verifying deletion of data and the reference cell RC2
used for verification in a data write operation. These

cells are now briefly described below.



- 19 level at tinme t6. Accordingly, the reference cell word |line RAL and
the menory array nornmal word line MAL fall to the ground level at tine t7.
5 Next, a word line selection operation is described with reference to the
timng chart of Figure 14, which is perfornmedbyawrdline control circuit
for the reference cells, a normal word line control circuit for the nenory
array, and a redundant word line control circuit for the 10 nenory array
when a redundant word line is selected- hg Eigure 1.4, a redundancy

determ nation signal MD and a redundant word |ine selection signal RX are
considered in addition to the various signals described above, and a
redundant word line is considered in place of the nenory 15 array nor nal
word line MAL. The operation fromtime tO through tine t3 is totally the
sanme as that described in Figure 13, and therefore, the description thereof
is herein omtted. Th I i.Ng ription. ' jon
oper ati on begins mﬁthﬁPgﬁﬁé?%h£§89§§8§h§%%8?ﬁ8hfgﬂ?g%%ggmg¥9§$5€%€$#¥e
since the worg_li ENAR AID .si - SPW P 4 Lh l'i ne
sel ection si g%gl Il seés&t ogt h‘éé su 1_1?5\/8?%2:%1511%6}%61?%}?% eéfy\f)fgﬁd

accor dingly, hQ%eEﬂl&%&Hga!wmtfgetcﬁegfeﬁ”}? ¥ @rlidhng _°f2%§ﬂ%pri@lnc¥j\@§%lr#ne MAL

begins to rise. However,” i after that,” a redundancy nation

signal Mg is hbasyedmedd DG iHY ERE Mﬂf*iﬁ'& o%r%'r"a@ttﬂd}f‘, sheNAlreenlesr eases

back to the ground level in response to the redundancy 5

det er m nati ongednate Moc@lohi #8gh21 EBLUNEE ON MHiRAPOBGE1OwhBecdECERESE Of
the normal word line selection signal SX to the ground | evel, the potenti al

of the nenoryrafedynue el wselekitienVEl giaqr &FIas 1kaokFt p1dhelereound
| evel . 10 Substantially at the sane tinme as the decrease in the potenti al
of the menoryMaanshide ,mthenbrid line BBILZ dst belgededdsbetkht(the bite t 5
) , the redundant word |ine selection signal RX rises to the supply voltage
| evel . As a rédnket RBlife ofottéiet iraif eafertdee gehbrjCorfey reaidihdandata is
10 unselected. As a result, the reference cell RC2 becomes
accessible. On the other hand, the common source line RHS
is at the ground level, and the node voltage HWL for word
lines is increased to, e.g., about 6 V, so as to perform
a verifying operation.
15
In the case where a delete operation is performed
on the memory array MA, a verifying operation is performed
for determining whether or not the deletion operation has
been normally completed. In this case, the reference cell
20 selection signal SELO is ON (high level) whereas the
reference cell selection signal SELl is OFF (low level).
As a result, the bit line RBL1l is selected so that the

reference cell RC1l for verifying deletion of data becomes

accessible. On the other hand, the common source l1line RHS



15 word line ReW. rises in substitution for the nmenory array normal word
line MAL. The reason why the nenory array nornmal word |line MAL slightly

pul ses between tinme t4 and tine t5 is the same as that described in
connection with the exanple illustrated in Figure 11. 20 After reading of
data is conpleted, the word |ine enable ATD signal SPWfalls to a |ow | evel
at tinme t6. Accordingly, the redundant word |ine selection signal RX and
the potential of the reference cell wordilgine RAL fall - 21 to the
ground level at timet 7, and as a result , the potential of the menory
array redundant word line ReW. falls to the ground level. 5 The trend in
the field of sem conductor storage devices in recent years indicates that

t he supply vol,ta tIhevel agg%ied io a.s 'cond¥ptor s%ona e devige has been
decreasi ng. HOWeVer "R PHE Gt HET- Bthd"” HH MAd-EEETHhYT-RE TPREF P readi ng
of stored infaqr L.on_fr. nor O.cell has .. .Far  exanpl e,
in the conven ngghgngﬁgggkgggggehéW&bgﬁ uk?gﬁ %?g?%gggggggggaffa Fgading
of stored infqQroati ay), f el | ' as

Fol Tone: the Saie vaPestass ¥ 258 haaty PEresrire aibreinf e flstdh 20,
cell MCO fromwhich 15 data is to be read out, and a difference between the
val ues of currents flow ng through the nenory cells RC and MCO i s sensed by

a sense gnplifier S/ ApjWhieh i §Qredp¥ck HIJSFEMt istlodBTRY | dhEtnepher eby
readi ng of data is achiéved. 20 In such a case, a risk of erroneous reading

of data can bexawiidad, WSickhi8%f SeNSimerPPsasti 8 afdSiven¥PbHahi ne of
a ref erence array and a word line f or a nenory array reach a

predet er m ned neal-kades t HWBLRH conBUBibE stordde dapESe 81l eduLhps in read
access tinme cannot be achieved because of the latency required until the
word |ine of tihaustfrertersea ané tliodndhelre inoad Vdlnteadorié heppebedytar aay
reach a desired voltage . Thus , in alnost all of such oases , 5 the sense
anplifier S/ Arefeastnicmt edldo wesrdo lieg RWL sefisiagreferanicen deiloRe both
of the above word |ines reach a desired voltage, whereby an increase in
access $feed accagiiigedo Howeveéerdi hinke eoamientiThaignal o$PWighieb 9 10
and 12, the potential of the reference cell word line RAL rises prior to
the rising of iEh@feterigdl A8FirEe2nEibdy Tea%hPRRF&EICRord 1ine MAL. This
causes somne problens, which will be described in detail below wth
reference to Figures 15 through 17. 15 In Figure 15, the left part shows a

eference ol I of JpIoBugRht L, TR Y Ul 80 s ] ARy g ¢ he
Fgure 15 2 9ahs Aol dA0Fo Y 45F r 4L e §Pok 1 3PRhLHabS . BomERERLS0EE C!
15 array RA including a reference cell RC (hereinafter,
referred to as "reference array RA"); a reference word
line control circuit CU; a memory cell array MA
(hereinafter, referred to as "memory array MA"), which
is a data storage region; a normal word 1line
20 predecoder XPDEC; a normal word line decoder XDEC; a
redundant word line predecoder XPRDEC: and a redundant
word line decoder XRDEC. The arrangement of the memory

array normal word line MWL, a circuit system for

selectively controlling the memory array redundant word



vol tage output to a reference cell word line RALO of Figure 9, and is al so
equi valent to a voltage output to a reference cell word line RAL of Figure
12. A current IdsR flows between a drain and source of the - 23 ref
erence cell RC. On the other hand, a gate voltage VgsM which is applied
to the nenory cell MC, is equivalent to a voltage output to the nenory
array normal word line MAL or the nenory array redundant word |ine ReW of
Figures 9 5 and 12. A current IdsMflowsjgetween a drain and source of the
reference sell MC. Figure 16 shows a graph of the voltage |evels VgsR and
VgsM of the word |ines during reading of data from 10 the nmenory cells RC
and MC, where the horizontal axis represents tine t, and the vertical axis
represents voltage | V... ln this graph, t(a) represents the tine en a
Sensi ng oper atioh HeHft s pAdls haFeurt P fhe DRSS Fehpe'y Srtafomt ")
represents the tine whep.both.the 15 voliage,level of_the.reference cell
word |ine R\/\L%S\‘d t%eﬂ%ﬁ‘b?g}scécl © a{naa]t"ﬁe%%?gl tsaad%e I %\%el%h(?fset e PrSry
array nor nal d. )i f ry. ce ( .t he reay
redundant wor g%h #g%mg_rgggéggmgﬁgggﬁerﬁéﬁ %/E?/ofifgg{&g@l el\rp;r.ﬂ%\vt’ﬁs‘ré si ng
start tinme t( e /ol I : i :
ref erence cel ?)l g%s dz;'t a%ﬁ%%B%gggt%\é%rﬁ ﬁgggggrpttaggleg\?é\géjleﬁ%ﬁagh%gfeﬁl t he
exanpl es 5of Fbgﬁ_rt%@. and 12. Part (a) of Figure 17 shows the rel ationships
- 24 Dbetween the gate voltages Vgs applied to the gate el ectrodes of the
reference cell RC and the nmenory cell MC (horizontal axis) and the currents
| ds which fl ow between the source and drain of the cells RC and MC
(vertical axis ) , 5 megpecdfaréiceabrvaie RA (idclu@bsFitgiy erdferehce a .
before the potential of the nmenory array normal word [ine MAL or the nenory
array redundaekeldRE |hsed ReVE Wealinwmsdses. | NnAFrgffesehcd aaeheswbbha
predeterm ned voltage. 10 Part (b) of Figure 17 shows the relationships
bet ween t he gatimevd@WIlafjescdfgsedhad itootihalgadne sf tredrefierenceene 311 RE; whi ch
fl ow between the source and drain of the cells RC and MC (vertical axis),
respect il®el y, aabitihkne RBb }scgformeetred It the drain ofoftheereférepoeenti al
of the 15 nenory array normal word line MAL or the nenory array redundant
word |ine ReVEeM &F wasdsatsouree gukne 1RHHds coamestathd prbgeserhfaed
voltage. In the case where the anount of a current flowi.ng 20 through the
menory cel | MeE ¥herPhRreREFel+ sRE eadtREECUTS Y HiRer RER $%?rﬁigw ng
through the reference.cell RC .i . a. in.the c ere t hr eshol d of
t he menory cefciepﬁ[?T ghleo%'e‘?u?ﬂ&ﬁvter}atb%? cPﬁé:rrog'f]eeraaZﬁegnec%ﬁa%%£?Eﬁa ng of
ggtsgrf bed. })gle AEEY Y% lentCsh® A hRe L eEheY sf8b%a1 mofR, §83F 'S

15 as a test mode or the like. For example, in a deletion

mode, the source line RHS is at a high voltage level.
Herein, although only the reference cell RC for reading
datais showninFigure 12, referencecellsused forwriting
of data or a deletion verifying processing may be provided
20 in other reference arrays, or may be provided in the
reference array RA of Figure 12 together with other
reference word lines or the 1ike. Herein, the description
is focused on the reference cell RC for reading data, and

descriptions about the reference cells used for writing



| medi ately after the sensing start tine t(a) shown in Figure 16 , the

vol tage VgsR of the ref erence cell 5 word line RAL which is applied to the
reference cell RCis generally at the predeternm ned voltage. However, on
the other hand, the gate voltage VgsM of the nmenory array normal word |ine
MAL ( or the nmenory array redundant word Iine ReW.) applied to the gate of
the menory cell MC, from 10 which data is to be read, is |lower than the
word |ine voltage VgsR applied to the refgrence cell RC (t(a); VgsR>VgsM.
In thiscase,the difference Alds(a)between the current 1dsR flow ng through
the reference cell RC and the current IdsMflow ng through the nenory cell
MC 15 becones as snall as possible as shown in part (a) of Figure 17. Thus,
there is a pos 'bél%ty t hat, t he %#:f rence_cannot. be correctly sensedq by
the sense anpPifi8Pt8/ £5oltha? I it hg¥ Cdeviicd d eBAPEESSH Ry efPBneous
operation, e.d....unntended ta iIs_read t.. 2Q.0n th t her hand, . at tinme
t ( b) shomngﬁﬁﬁﬁﬁﬁh%sg ?ggofﬂrtﬁgn%EPgiﬁqﬁ;ﬁﬂﬁ %ﬂé? E??E%pF?%&Sto t he
gate of the r I ng _t rd _line wolt plied to the
gate of the n‘gt‘r?g?bggﬁﬁc% ?ggng\ﬁhpgﬁ\agét?lff%%g' igggt é/g%gltrggéd, are at
the sane predetermined voltage (t ( b ) ; VgsR=VgsM. In thiscase,the

di fference Alds(b)between the current IdsR flow ng through the reference

cel | RC and the curr el q_sé\@éf%%gwfogrdol@i d heoemnyY SebduM ui $s

sufficiently large so that 1t can be correctly sensed by the sense

amplifier S/ Apoferad Sfith . thet RBERIvEALA AMWIP F&AGyOHE WihBQUt @adSi ng
an erroneous operation. However, if unintended data is once output 10

i mredi atel y afdeferidicsensirdy siaet ddirdlt icitduit €U kontrdlENYheases,
extra tinme is consuned until intended data is successfully output. This

extra tinme ispodarsitdeslbby |ty ewfediedlde) vben awsedlundaet RWIr.d | The is
sel ected, because as descri bed above, a certain length of tinme is 15
required for swiffectenue fwood 4 imer oah twoldclirpaitto Aheecedvredathewsoddl i ne.
10 line enable ATD signal SPW which is issued when data is
read out and a test word line selection signal SD for
selectively controlling the reference cell word line RWL
in a forcible manner during the test mode. The reference
word line control circuit CU outputs a voltage to a
15 predetermined reference cell word line RWL based on the

above signals, thereby selecting the predetermined

reference cell word line RWL.

Now, a word line selection operation is described

20 with reference to the timing chart of Figure 13, which
isperformedbyawordlinecontrolcircuit forthereference
cells, a normal word line control circuit for the memory
array, and a redundant word line control circuit for the

memory array when a non-redundant normal word line is



SUMVARY OF THE | NVENTI ON 20 According to one aspect of the present

i nvention, a sem conductor storage device includes: a nenory array
including a plurality of nenory cells; a reference array including a
plurality of reference cells ; a decoder section for selecting a nenory
cell fromthe menory cells and a - 27 reference cell fromthe reference
cells based on address information; and a conpari son/out put sectionfor
conparing a read voltage |level fromthe mgnery cell selected by the decoder
section and a read voltage |level fromthe reference 5 cell selected by the
decoder section so as to output a result of the conparison in the form of
data, wherein the decoder section sinultaneously outputs a selection signal
to a word Ilne gf th%bnennry cell and a selection signal to a word |ine of
the reference>gefCr I n one enbodi ment of the present invention, the
menory array includes one or nore nenory cells respectively connected to a
normal word |ine, and one or nore nenory cells respectively connected to a

redunda_nt W_ord i ne; %g fﬁ%fé}&ée{@r% ]?ésrfx éMgdqgsrcgnftlhresrtoEafgrence

cell which is conmpared wth t menory ce connected to the nor wor d

line, and a sepanddiald eoeereghi-atich dipsoPasedatiel Rddie tRIDIYage! | s

connected to the redundant word Iine. 20 I'n anot her énbodi nent of the

present Isnvenfqu&a MWL o PofeBh YPhEs! i Be chd ps 8t g tdegiier oges

section selects a rst word |ine connected to the first reference cel

si mul t aneous| ywiilch &%I aal Hopuf ddh vl el gv@I dFdi Nenabling8a pe&ddWeen the
redundant word line is selected, the decoder section selects a second word

| i ne connect edrtidet ipeaetononr eher@rc s toetdgsi quiiareqos|(\the tdtsehget i on
of the redundant word line. 5 In still another enbodi nent of the present

i nventi on, thédetddoceddro santbeoopenatadedieratheldcip enatiétiagn igiabnCB#cti on
for determning which of the nornal word |ine and the redundant word |ine
is to be sel edsedtl@Ghsagsrdwrd ateiveds: i ahopmdpiudn en@bdoimm|s anal | Ok

control
10 (data can be read out when the output enabling signal OE#

isat thegroundlevel); thewordlineenable ATDsignal SPW;
the potential of the reference cell word line RWL; the
normal word line selection signal SX; the potential of
the memory array normal word line MWL; and the potential

15 of the memory array redundant word line ReWL.

Referring to Figure 13, after the storage

device 11 is powered on at time t0, the supply voltage

VCC begins to rise. Thereafter, at time tl, the node

20 voltage HWL for word lines, which is used for reading of

data, begins to rise.

At time t2, the non-volatile semiconductor

storage device 11 (e.g., flash EEPROM or the like) is in



section for selecting the normal word [ine according to the address
information when it is determned that the normal word line is to be

sel ected; a redundant word |ine control section for selecting the redundant
word line 15 according to the address information when it is determ ned
that the redundant word line is to be selected; a first reference word |ine
control section for selecting the first word line when it is determ ned
that the normal word line is to be selecéﬁp; and a second reference word
line control 20 section for selecting the“second word line when it is

determ ned that the redundant word line is to be selected. In still another
enbodi nent of the present invention, when it is determned that the normal
word |ine - 29 is to be selected, the first reference word |ine control

section recei vedajaseeadapde stghal innedintedyr aiterott 13 mowared SNgnal
indicating that the normal word line is to be selected, and selects the
first word |id&atuspngimthdsastatgegardatadcend eperstisirigaan Yo rarrdedor mal
word line or the signal indicating that the nornmal word |line is to be

sel ected; and OReRY decrearing fhachimerabhéngehfnht CRbLe thagresnd be
sel ected, the _second reference word |ine control section receives a

sel ection sigr&V& 10 the redundant word line or a signal indicating that
t he redundant word line is to be selected, and selects the second word
line, usi'ng as a trigger, the selection signal for the redundant word |ine

or the signal indicati t hat .t he.redyundanf, word line is tao _be sel ed. 15
In still another enbo&in}%é'h‘t et tﬁémfﬁr ggént%‘?ﬁvevﬁ??%nijan?i re aetileestg‘g‘ﬁjgnal
can be input tg fdpwir{ELET {Bclee oiisk! P6 £RAt EQhﬁﬁg b?“th%”ﬁp&r%e
first referencé=ce I's enforcedly sefected In response to the 20 Tirst
test signal; Bifﬁ§0 L8st cggnakC SnidPUls tond hey segand«r ehgrence
wor d Iine.contrgﬂ secC i%ﬂ? g%d tﬁe se%o%gége{%rené% cell %s e%fofcegﬁy
sel ected in reRQNI8 e nh 12220 sti R 1SisHHR! the reference cell word

10 line RWL is charged with the node voltage HWL for word

lines at time t4, and at the same time, the normal word

line predecoder XPDEC issues the normal word line

selection signal SX.

15 At time t5, the normal word line predecoder XDEC
raises the potential of the memory array normal word
line MWL according to an output of the normal word line
selectionsignal SX. Notethat thepotential of thememory
array normal word line MWL rises withaslight delay behind

20 the rising of the reference cell word line RWL due to a

decoding operation.

After a while, reading of data is completed, and

the word line enable ATD signal SPW falls to the ground



- 30 In still another enbodi ment of the present invention, an address
transition detection signal, which is output in response to detection of a
change in the address infornmation, can be input to both the first reference
word 5 line control section and the second reference word |ine

control section; and when the addresstransition detection signal is input,

control of reference word |lines can be perfornmed. 10 In still another
enbodi nent of the present invention, thejkirst reference cell and the
second reference cell are set to the sane threshold value. In still another

enbodi mrent of the present 15 invention, the first reference cell and the
second reference cell are connnnly connected to the sane bit line. In stil

anot her enbodi,nent, of the ent. i nvention, the |oad capacitance of _a
first word i fEVEd Binfd@iad Go AREITI LRI TS FnESLeFFRERACERD MEEE

are oqual Lo 0HRS 2@@9%@&% L AR (T T K™ b B Fnb AR Rot Foda

capaci tance of t R n ctively. Alternatively, the
| oad - 31 capaC| éﬂges of égf%#s?nﬁbraﬂplne the second word Ii ne,

5 Next, aword line selection operation is described
with reference to the timing chart of Figure 14, which
isperformedbyawordlinecontrolcircuit forthereference
cells, a normal word line control circuit for the memory
array, and a redundant word line control circuit for the

10 memory array when a redundant word line is selected. 1In
Figure 14, a redundancy determination signal MD and a
redundant word line selection signal RX are considered
in addition to the various signals described above, and
a redundant word line is considered in place of the memory

15 array normal word line MWL. The operation from time tO
through time t3 is totally the same as that described in
Figure 13, and therefore, the description thereof is
herein omitted. The following description of the word
line selection operation begins with time t4.

20

As shown in Figure 13, after awhile since the word
line enable ATD signal SPW has risen, the normal word line
selection signal SX rises to the supply voltage level at

time t4, and accordingly, thepotential of the memory array



the normal word line and the redundant word |ine nmay be equal. 5 According
to anot her aspect of the present invention, there is provided an
i nformation apparatus for performng a data read operation using one of the
above sem conduct or storage devices. 10 An operation of the above-described
structure of the present invention is described below In the case of
reading data froma desired nenory cell, if a normal word line, which is
not a redundant word 15 line, is sel ectegg the potential of the word line
of a reference array rises sinmultaneously with and in synchronization with
a selection signal for selecting the normal word line of the nmenory array.
Alternatively, if the redundant word line is selected, the potential of the
| i kewi se_rises sinultanepusl and in

20 word line of _a reference arr.ay . 'tE
Synchr oni zat | R AHSr didist NI BPGASS FOF1881echPHg Ete tRREAHARE Kor d
i f th : 5 Si he. i al t . l.i f
the ref er ence SGQrr ChACY inrBBrBAePY of - tAB-BALERH fhoder ME 4EhEryoHE |

¢ whi ch d . e ai " ; . . it h
cach other . TRYS el EEE o4 B8 Bk L AR IR, el L A DAL ",

not necessary y@\aid {H% §EBHh&féé@@l“@hdﬂééﬂghgé*ﬁgﬂfﬂbar@agﬁaaﬁEgLSEd

voltage level. As a result, a read access tine can be further orte
Wi thout GAUSI QG tRIFAITLNEONS IQRINAMIPAL A4k 105 SUGH PP &FPHAVREERbN8E the
dat a reading

to the decrease of the normal word line selection signal SX

to the ground level, the potential of the memory array

normal word line MWL decreases back to the ground level.

10 Substantially at the same time as the decrease in
the potential of the memory array normal word line MWL
to the ground level (at time t5), the redundant word line
selection signal RX rises to the supply voltage level.
As a result, the potential of the memory array redundant

15 word line ReWL rises in substitution for the memory array
normal word line MWL. The reason why the memory array
normal word line MWL slightly pulses between time t4 and
time t5 is the same as that described in connection with
the example illustrated in Figure 11.

20

After reading of data is completed, the word line
enable ATD signal SPW falls to a low level at time t6.
Accordingly, the redundant word line selection signal RX

and the potential of the reference cell word 1ine RWL fall



10 speed, a considerable sensing margin can be secured. Further, the |oad
capaci tances of the first and second word lines of the reference array are
identical to those of the normal word line and redundant word |ine 15 of
the nenory array, respectively. Thus, the rising edges of the potentials of
the word lines occur at the sane tinme, and accordingly, a read access tine
can be further shortened w thout causing an erroneous operation. 20

Furt her nor e, asem conduct or st orage devi ce2af 4t he present invention can
readily be applied to an information apparatus. Thus, in a data read
operation, high-speed data reading can be achi eved. - 33 Thus, the

i nvention described herein nmakes possi ble the advantages of providing ( 1)

a_ser conduct g1, s{ipl age ey o WIer kN 13,1ceqth acgess bl e cap, be, shat ened

Wi t hout causi ng an erroneous operatron, and (2) an n I'On’ appar at us

using such a SERGAMIELSE ShO'AGRTSYLeeayTheRuih O PoLaAEYAD! RERE, ©f

t he present vention w ecofe apparent “to I'n the art upon

readi ng 10 angynderss andh ngt-Bgnfohlewing detail ed description with
reference to the acconpanyi%g ?Fgures. BRI EF DESCRI PTI ON OF THE DRAW NGS 15

Figure 1 is a block diagram showi ng an exenpl ary basic structure of a
non-vol atil e sem conduct or storage device according to an enbodi nent of the

present isivention . rThe trend in the field of semiconductor storage
devices in recent yvears indicates that the supply voltage
level applied to a semiconductor storage device has been
decreasing. However, on the other hand, an increase in
the speed of reading of stored information from a memory
10 cell has been demanded. For example, in the conventional
non-volatile semiconductor storage device 11, reading of
stored information (data) from the memory cell can be
carried out as follows: the same voltage is applied to
the reference cell RC and a memory cell MCO from which
15 data is to be read out, and a difference between the values
of currents flowing through the memory cells RC and MCO
is sensed by a sense amplifier S/A, which is formed by
a differential amplifier, whereby reading of data is

achieved.

20

In such a case, a risk of erroneous reading of data
can be avoided by starting a sensing operation after a
word line of a reference array and a word line for a memory

array reach a predetermined voltage. However, in many



Figure 2 is a block diagram showi ng an exenplary 20 specific structure of
the non-vol atil e sem conductor storage device of Figure 1. Figure 3 is a
circuit diagram showi ng a specific exanple of the reference word |ine
control circuit used - 34 for selection of normal word lines and the
reference word line control circuit used for selection of redundant word
lines of Figure 2. 5 Figure 4 is a circuit diagram show ng anot her specific
exanpl e of the reference word Iine contragk eircuit used for selection of
normal word lines and the reference word line control circuit used for

sel ection of redundant word lines of Figure 2. 10 Figure 5 is a block

di agram showing a primary part of a nenory array word line control circuit

d f ks ' |t . i |
and, o 11T et ok A06deb IR PRNASN LG e EIRDYECLER LG

sem conduct or stordge_deV|ce of” _ ) _
Il Tustrating gewardd | ﬁfé efét&ﬂcgpfégh&‘%%d"“ﬁ‘%&iai G dBho lr__ﬁihla”SS' S
sel ected in the non-volatile sem conductor storage device O I'gure 2. 20
Figure 7 is athen88ecBAle bELHFIARE ith® R0 Hihbor the memory array
reachadesiredvoltage. Thus, inalmostallof suchcases,
5 the senseamplifier S/Aisactivatedsoastobeginasensing

operationbeforebothoftheabovewordiinesreachadesired

voltage, whereby an increase in access speed is achieved.

However, in the conventional art of Figures 9

10 and 12, the potential of the reference cell word line RWL
rises prior to the rising of the potential of the memory
array normal word line MWL. This causes some problems,
which will be described in detail below with reference

to Figures 15 through 17.

15
In Figure 15, the left part shows a reference
cell RC of a non-volatile memory such as a £lash memory,
andtherightpart showsamemorycell MCof thenon-volatile
memory. As shown inFigure 15, agate voltage VgsR, which
20 is applied to the reference cell RC, is equivalent to a

voltage output to a reference cell word line RWLO of
Figure 9, and is also equivalent to a voltage output to
a reference cell word 1line RWL of Figure 12. A

current IdsR flows between a drain and source of the



sel ection operation when a redundant word line is selected in the

non-vol atil e sem conduct or storage device of Figure 2. - 35 Figure 8 is
a bl ock diagram showi ng an exenpl ary basic structure of a conventi onal
non-vol atil e sem conductor storage device. 5 Figure 9 is a block diagram
showi ng an exenplary specific structure of a conventional non-volatile

sem conduct or storage device. 10 Figure 10 is a timng chart illustrating a
word |ine selection operation when a nenzgedundant, nenory array nor nal
word line is selected in the non-vol atile sem conductor storage device of
Figure 9. 15 Figure 11 is a timng chart illustrating a word |ine selection
operation when a redundant word line is selected in the non-volatile

rati o dant vord | . | .
Showi ng.anot hEF BTERETY £oRer 1 QPR AACnahYy Talevh R e e E AT

o COTCUELOr T U5H158g, SNNE cber LAY clirdghlbuntget 00

wor d - 36 en” a non-redundan nMenory array
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Govi ce of Fi ghr 2015288 EFORE R ROy BEER ROFRRTVERAUSL MROT | e
sel ection opepat {RE M- argiidaBlunddnd LbRa 1 $neehefeds M dlites 9

non-vol atile sem conductorstorage device of Figure 12. 10 Figure 15 shows
the contsol vghiyage .and dak¥ehR& IdsM flows between a drain and source

of the reference cell MC.

Figure 16 shows a graph of the voltage levels VgsR

and VgsM of the word lines during reading of data from

10 the memory cells RC and MC, where the horizontal axis
represents time t, and the vertical axis represents
voltage level V. 1In this graph, t(a) represents the time

when a sensing operation starts (hereinafter, "sensing
start time"), and t(b) represents the time when both the

15 voltage level of the reference cell word line RWL of the
memory cell RC and the voltage level of the memory array
normal word line MWL of the memory cell MC (or the memory
array redundant word line ReWL) reach a predetermined
voltage level. At sensing start time t(a), the voltage

20 level VgsR of the word line of the reference cell RC is
at the predeterminedvoltage level ineither of the examples

of Figures 9 and 12.

Part (a) of Figure 17 shows the relationships



current in each of a reference cell and a nmenory cell during a data read
operation. Figure 16 illustrates a sensing timng with 15 respect to the
rising of the potential of a reference cell word line and the potential of
a nenory array normal word line (or a menory array redundant word |ine).
Figure 17 shows the currents flow ng through a 20 nmenory cell and a
reference cell at timet ( a) in Figure 16 (part (a) of Figure 17) and at
time t(b) in Figure 16 (part (b) of Figureg L7). Figure 18 is a block

di agram showi ng a basic - 37 structure of an information apparatus

i ncludi ng a sem conduct or storage device of the present invention.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 5 Herei nafter, enbodi nents of the

present i nven%ieggle\b@e I tlﬂ%t ggg(tréi bggtl\e/:a#\%sr e‘\;geg e%g)%fig_,l(% ngodr@wengﬁ?sgl n an

exanpl e describ ow, presen entiton i s ap to a no latile

sem conduct or (qeWGe dHSEd £l {hé\ﬁr}g:f% gl el Eﬁﬁilo'k@gﬂar@&ﬁem%ir%{:éli M& a

bl ock di agram show ng an exenp asic structure of a non- atile

sem conduct or (Hlo¥igah eV 1268 S aakdtRe é&ﬁh@@m WRAHOk 1bReo D RSEAL

invention . 15 In Figure 1, the non-volatile sem conductor storage device

20 includes : +aJBiRfde 6Rlddfd iR MBI NG R e (it iIR{1e4RD6¢, cel|'s
RCO and RC1 (hereinafter, referred to as a "reference array RA"); a nenory

cel | 20 & rayr¥apdiiiaidas | ert tinketad & Fisgwre NBEPIY. & J dp e thvhi ch
is a data storage region and is a main array of the storage device 20; a

conpari son/ ouppitlenteicil @f 2he Membresarr ¢ nermapiwdn @l iveA MWD sedthy a
differential anplifier; and a decoder section 22 for selecting - 38
memory array redundant word line ReWL which was set in

Figure 16 reaches the predetermined voltage.

10 Part (b) of Figure 17 shows the relationships
between the gate voltages Vgs (horizontal axis) and the
currents Ids which flow between the source and drain of
the cells RC and MC (vertical axis), respectively, at
time t(b) of Figure 16, i.e., after the potential of the

15 memory array normal word line MWL or the memory array
redundant word line ReWL which was set in Figure 16 has

reached the predetermined voltage.

In the case where the amount of a current flowing

20 through the memory cell MC, from which data is read out,
is larger than that flowing through the reference cell RC,

i.e., in the case where the threshold of the memory cell MC

is lower than that of the reference cell RC, reading of

data from the memory cell MC is adversely affected. This



predeterm ned nenory cell and reference cell based on an input address
signal ADD. In the reference array RA at least two reference 5 cell word

| ines used for reading data fromthe reference array RA, a. g . , the word
lines RALO and RAL1, are provided. The reference cell word |ine RALO and
RW.1 are connected to reference cells RCO and RCl, respectively. The
reference cells RCO and RCl1 are comonly connected to the 10 bit |line RBL
and have the sane threshold value . The reference cell word ine RALO is
activated when a non-redundantnmenory array nornmal word |ine MAL(descri bed

|l ater ) of the menory array MA is selected, and the reference cell word
line RAL1 is activated when a nenory array 15 redundant word |ine ReW

(described | atgr), ofgt EsOBTBLY 3LhaY, MA is selected. The nenory array MA
fornms an information storage region and generally includes a plurality of

menory 20 cells MC as storage elenents arranged in a matrix along the row
and colum directions. Herein, only a nenory cell MO for data storage and

a redundant merory celpimdals bl £h_ hEcREOMHLdsLAL1AUON I | BnkNE (EETOTY

cell MO are illustrated for the sinplicity o escription. 3

nmenory array Reidv inor dohieer W s veqrage afqéwokh@l&%?e%e%ﬂé@cm@ry

cell MCO and the nenory array redundant word 1ine ReW. i s connected to the

gate of tshe nwery 1celd mll.wHDEN A & &p DielNEo MEHBI Ye £€LEEcMELANARMCL are
5 comonly connected to a bit line MBL. The conparison/output section 21

conpar es the risadenddslgey (0f the mRfddet&mrinell vbEtaBELr YH6RE MO0k OF
MC1 ) selected by the decoder section 22 with the read 10 vol tage (or

current) | evelthef otherr hhadenthecpd te RED fade REGsM et aticctiehy rivhardagoder
section 22, and outputs data which represents a result of the conparison.
Speci fi cal | y, ndmmaskema-ddjilne iMWFL $/ok ther meramyl erray redundant word
line ReWL) applied to the gate of the memory cell MC, from
10 which data is to be read, is lower than the word line
voltage VgsR applied to the reference cell RC (t(a):
VgsR>VgsM). 1Inthiscase, thedifference AIds(a) between
the current IdsR flowing through the reference cell RC
and the current IdsM flowing through the memory cell MC
15 becomes as small as possible as shown in part (a) of
Figure 17. Thus, there is a possibility that the
difference cannot be correctly sensed by the sense
amplifier S/A so that the storage device results in an
erroneous operation, e.g., unintended data is read out.
20
On the other hand, at time t(b) shown in Figure 16,
both the word line voltage VgsR applied to the gate of

the reference cell RC and the word line voltage VgsM

applied to the gate of the memory cell MC, from which data



applies the sane gate voltage to both the nmenory cell MCO 15 ( or MC1 ) and
the reference cell RCO( or RC1 ) selected by the decoder section 22, and
anplifies a difference between the values of the electric currents flow ng
t hrough the nmenory cell MCO (or MCl) and the reference cell RCO ( or RCl )

, and outputs the result of anplification in the 20 formof data. In the
case of selecting the nenory array normal word |ine MAL, the decoder
section 22 selects the reference cell wopg I-ine RALO (first word |ine)
connect ed - 40 to the ref erence cell RCO, together with the nmenory
array normal word line MAL. In the case of selecting the nenory array
redundant word |ine ReW., the decoder section 22 selects the reference cel

g‘égﬂg ner wi ¢ hEhsS P edl 555 Attt SHHE BE et i VO IEAGR FELbIETE
Fooars Te o baREvya | RIGOHRLL Ak SRR PROURLN 8 N b EFULR1
merory cel | p’gﬂe( WurkE P adRde1 861 hEf @ﬁﬁesﬁhcedh!e Fi%%géné@léefﬂ fe to

rai se the wo Ine potentials , such™that the timngs of reading of data

fromthe memiyL£ehle MPrtit Mdsd A id§ it SEEACEnEChemEED (011 Ryé) are

concurrent and synchronous. 15 Thus, since the timngs of reading of data

from t he sgmenory gallr iMI@Hry Mabgein® that' tee8ACBe COOLrEERL(OseREdh are

synchroni zed, it is not necessary for the reading of data fromthe nenory

cel| MCO ( or bMCihe tens@ Sl ipdd® $/AF W id swhem bpthntdrdapat eatkal s of
the word 20 lines MAL and RALO (or ReW. and RW.1) reach a predeterm ned

vol t age | evel camhibehread eqiti wddhouta cearsdany iamarraveces dpetdeiona data
read operation can be perfornmed w thout causing an erroneous operation even
when both the potentials of the word lines are rising,

However, 1if unintended data is once output

10 immediately after the sensing start time (time t(a)), in

many cases, extra time is consumed until intended data

is successfully output. This extra time is considerably

long especially when a redundant word line is selected,

because as described above, a certain length of time is

15 required for switching from a normal word line to the

redundant word line.
SUMMARY OF THE INVENTION

20 According to one aspect of the present invention,
a semiconductor storage device includes: a memory array
including a plurality of memory cells; a reference array
includingapluralityof referencecells; a decoder section

for selecting a memory cell from the memory cells and a



- 41 whereby the read access tine is shortened. A specific exanple of a
non-vol atil e sem conduct or storage device 20 according to the present
invention is 5 now described with reference to Figures 2 through 7. Figure
2 is a block diagram show ng an exenpl ary specific structure of the

non-vol atil e sem conductor storage device 20 of Figure 1. 10 In Figure 2, a
non-vol ati | esem conduct or st orage device 30, which is an exenplary specific
structure of the non-volatile sem conducher _storage device 20, includes: a
reference array RA, a nenory array MA, an 15 address transition detection
circuit ATD, a normal word |ine predecoder XPDEC, a normal word line
decoder ( normal word |ine control section) XDEC, a normal word |ine

| ect t t t t XRE d d |
o1 cdocoder | XPRBEET Bt AaNE Hof B26 FFREREEcb ALK Pr BRBRAAE SO Pne |

| d d | | | it

et ecti on ci ?@bfoFés%E%ﬂ§a L B e Bl o PR EAG ek e Nl RERS Vo
d YSR (h | {13 Y

ense anpl 11 & Epd volthgh IEvef A Fhe WAL Bl BhARL. Z@f‘ﬁ‘(ﬁ Bire 1),

a reference "‘@I Q:o'd'e’le £804 bRlard é?l'ia}atd%ﬁ rdﬁSvaLerf ‘Eﬁfe HQ&”H'

word |ines ( rst erence WOor ne cont secti \ a re er ence

word |ing congpqly %eclerccttad dc}FEQ&é U&é&'o&@? §%L:%&fdn0%cpf e dm r Saegti o

lines ( second reference word |ine control section

22 of Figure keistiftobReeh8Yoditeat PLEAM MG oM %fSB_QWB,i whELguhetKe: the
normal word |ine predecoder XPDEC , the normal word |ine decoder (nornal

word |ine conteeodtt seetion)s MIECah86uByBLt¥Otd d s82eseliontd Dingl gnal
transition detection circuit XREGS, the redundant word |ine predecoder

XPRDEC, the reduadaatdwbninel ofetltenstedr{resubdamd avasell é¢tton signal
control section) XRDEC, the redundant word |ine selection signal transition
detection cird¢w 2 word line of the reference cell.
10
In one embodiment of the present invention, the
memory array includes one or more memory cells respectively
connected to a normal word line, and one or more memory
cells respectively connected to a redundant word line;
15 and the reference array includes a first reference cell
which is compared with the memory cells connected to the
normal word line, and a second reference cell which is
compared with the memory cells connected to the redundant
word line.
20
In another embodiment of the present invention,
when the normal word line is selected, the decoder section

selects a first word line connected to the first reference

cell simultaneouslywithselectionof thenormal word line;



15 XREDS, the bit |line decoder YDEC, the bit line selection transistors YSM
and YSR, the reference word line control circuit RREGU used for selection
of normal word lines, and the reference word line control circuit RREDU
used for selection of redundant word lines. 20 In the reference array RA, a
reference cell word line (first word line) RALO is connected to the gate of
the reference cell (first reference cell) RCO and a reference cell word
line (second word line) RALL is - 43- genrected to the gate of the
reference cell (second reference cell) RC1. A bit line RBL iscomonly
connected to the drains of the reference cell RCO and RCl, and a source
line RHS is commonly connected to the sources of 5 the reference cell RCO

d RC1. Int qﬁ“ﬁf
2gnnected ?o ?ﬁg' H?Byt Iﬁ% nennry ce ﬁﬁg%gaé Qgﬂggkgggigh%:€§§g¥%ﬁundant
d | R bi t
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MCL, and a soub¢grlddie Mdg1hs QQHHPEEMeBQQ&z?#ﬂtBO ééﬁeé@%ﬁe%@ftﬁée
menory cell MCO and MCl. The source lines R are generally

mai nt ai ned at ragameiayt kotr&Veinebut controlled to be at a different |evel
when the storage device is in a special node, such as a test node or the
| i ke. Fos exanple, in a deletion node, the source lines RHS and MHS are at
a high voltage level. 20 The | oad capacitances of the reference cell word
lines RALO and RW.1, fThe sefdly ancadieror smbodameniti nefMMthe apde §&rtmenory
array redundant word line ReW. are set to the sane ( or substantially the
sane ) | oad cadpaentdmae, sthh tdeatoddre sesitignt iimeslodeskhe aposehechlsnof
t hese word lines - 44 Dbecones equal. The address transition detection
circuit ATD determination section for determining which of the normal
word line and the redundant word line is to be selected
10 based on address information; a normal word line control
section for selecting the normal word line according to
the address information when it is determined that the
normal word line is to be selected; a redundant word line
control section for selecting the redundant word line
15 according to the address information when it is determined
that the redundant word line is to be selected: a first
referenceword line control section for selecting the first
word line when it is determined that the normal word line
is to be selected; and a second reference word line control

20 section for selecting the second word line when it is

determined that the redundant word line is to be selected.

In still another embodiment of the present

invention, when it is determined that the normal word line



receives an address signal ADD and a chip enable signal CE# . 5 The address
transition detection circuit ATD has a plurality of address signal |ines .
When at | east one of the address signal lines transitions (i.e., when the
address signal ADD is input), or when the chip enable signal CE# decreases
to the ground level, a required pulse 10 signal, e.g., a word line enable
ATD signal SPW which is also an address transition detection signal, is
output to the normal word |ine predecodergXRDEC, the redundant word |ine
predecoder XPRDEC, the reference word |line control circuit RREGUJ used for
selection of normal word 15 lines, and the reference word |ine control
circuit RREDU used for selection of redundant word lines . Further, the

address L1 ansiid 90 g8 665 EARH [ Bl (ATDOULPULS 255898 2R EbRE 83201 ©

si gnal SAEN, as another reqU|réd pulse Si ense anplifier S/A

20 The nor mal qauig 4y 5 Aﬁ%&&"&'%ﬁ%ﬁ%{ﬂé%\/\%ﬁiﬁi EBe E‘g 83m3h 9f8laADD

and the word I|ne enab si gna as are anc

det erm nati on line Bk c Cis
VJ\_S.r%_n%lr 'MDSI Cul ma 10t A%Wact S pBRAAC 98ty %Ei

recei ves the i ne ena si gnal oes not recelve

the VEdU”da”C)Eod%teeréEI@étQ& Slaﬁaahe?{@cttsh%t{éorﬂ@&sw&r&' Denlr edesager

XPDEC out puts a normal word [ine selection signal SX based on the received

address g gnalagAlRD #:01 dferp PRENBE1WRRE dni R diRCOdeSr XBREE Rdfmh heyBeqTel
word line selection signal transition detection circuit XREGS. The norna

word |ine decqdgie ¥MEEHe e Bdilyi @atDlg voht agke HVbrhal weed hines. The
normal word |Iine 10 decoder XDEC receives the normal word |ine sel ection

si gnal SX fromsg heo noe meklearted; rendrwidesofier iXPeGemnichedit Pt aheol t age
to a predeterm ned nenory array normal word line MAL ( raises the potenti al
of the word | inesiuvidlan t woast Hing itsot b fee selautedorithe secoda ref evansiegnal
SX,

word line control section receives a selection signal for

10 the redundant word line or a signal indicating that the

redundant word line is to be selected, and selects the

second word line, using as a trigger, the selection signal

for the redundant word line or the signal indicating that

the redundant word line is to be selected.

15
In still another embodiment of the present
invention, a first test signal can be input to the first
reference word line control section, and the first
reference cell is enforcedly selected in response to the
20 first test signal; and a second test signal can be input

to the second reference word line control section, and
the second reference cell is enforcedly selected in

response to the second test signal.



15 thereby selecting the predetermi ned menory array normal word |ine MAL.
The redundant word |ine predecoder XPRDEC receives the address signal ADD,
the word line enabling 20 ATD signal SPW and a redundant word |ine address
signal BADD. The redundant word |ine predecoder XPRDEC perforns redundancy
determ nati on based on the address signal ADD, and outputs a redundancy
determ nation signal MD to the normal word |ine predecoder XPDEC, and -
46 a redundant word |ine selection signgp RX to the redundant word |ine
decoder XRDEC and the redundant word |ine selection signal transition
detection circuit XREDS. 5 The redundant word |ine predecoder XPRDEC and
the normal word |ine predecoder XPDEC forns a selection determ nation

ti . Th | ecti det ergi,nat i ti t i b d th
addr ess si gnal ADD whiBh BFithe PPEBEE, nPREASHIRGYy SFray RorPBTSWeFd | ne
MAL 10 and t heg QRory, artay . Eg%’%%aﬂaﬁgﬂib Nge REME 1i0h) ke Hﬁlsev'ngf&ﬁd- For
exanpl e, accor@iinate ¥ &leRBSGrFEnt “aPRE FGuRTART Word T Phe predecader
XPRDEC det er i, '
oy normal i ar TERE Lo 48F8dY der 86 P88h ATk itidiPtn MhddafelETOr Y

sel ection sign Ifo%artrdlgne ﬁ %%mﬂér@dr%d@“c% bbPR tHEFaGdet e XBPERBERISqt 0 be

replaced with the pre ned nerory array redundant word |ine ReW, and

onl y wher such jrePlReQHRIM deo s SHRd Yohd Needsttindans runed Lbpe pigdecoder
XPRDEC i ssues a redundancy 20 determ nation signal MD to the normal word

l'i ne predecodeiotRldaCse bR 1 bASPORNE Ghied tHE aRUKIABEHndeaH détéOBishgnal
MD fromthe redundant word |ine predecoder XPRDEC, the normal word |ine

predecoder XPlHGreANGe Srigier oWdntr&f dherdpsre@hcwondrii benssl eahiba -
47 signal SX. On the other hand, the redundant word |ine predecoder XPRDEC
outputs a redgedsidrmveddd | i ne sel ection signal RX for selecting the nenory
array redundant word line ReW.. 5 The redundant word |ine decoder XRDEC is
powered by the node voltage HW. for word lines. Further, the redundant word
| i ne decoder XRDEC receives a redundant word |ine selection signal RX from
the redufdant word |ida 16tplddeepedhexPrEEEoddmerdut pdt sthevoP¥agento a
predeterm ned nenory array redundant word line ReW._(raises_the potenti al

of the word |ijﬁélq@vi[€)nacd'6}jS ﬁ@'rst reference cell and the second

reference cell are set to the same threshold value.

In still another embodiment of the present
15 invention, the first reference cell and the second

reference cell are commonly connected to the same bit line.

In still another embodiment of the present

invention, the load capacitance of a first word line

20 connected to the first reference cell and the load
capacitance of a second word line connected to the second
reference cell are equal to the load capacitance of the
normal word line and the load capacitance of the redundant

word line, respectively. Alternatively, the load



to the redundant word |ine selection signal RX, thereby selecting the
predeterm ned nenory array redundant word 15 |ine ReW.. One output term nal
of the bit line decoder YDEC is connebted to a bit line selection gate |ine
RYSEL for reference array. The bit line selection gate line RYSEL 20 is
connected to a gate el ectrode of the bit line selection transistor YSR The
ot her output termnal of the bit line decoder YDEC is connected to a bit
line selection gate |ine MYSEL for nenergiarray. The bit |ine selection
gate line MYSEL is connected to a gate electrode of the bit - 48

| i nesel ectiontransi stor YSM The bit |ine decoder YDEC perforns a decode
operation for selecting any reference array bit |line RBL and any nenory

el ot on HQE‘%.s%&%%%@%r%pﬁeﬁé%gﬁﬁig? bR g waRA Pohs from
ﬁgfePe;celgsrggﬁh&ﬁgﬁgEFny 0 uré#ugﬁgO%J%Q%dgb%egb%§i1¥ggihgyhggnennry

array MA, mhereﬁﬁﬁgpnnectlng the selected bit lines RBL and MBL
respectively to e input termnals of the sense anplifier S/A That is,
the bit line selection transistor YSR connects an end of any of the bit
lines RBL of the reference array RA to one of the input 15 termnals of the

sense ang ifier S/A “Af&omdldg N ssebaeiindt t hapectt ObfYSkheonpeskanan end
of any of the bit lines MBL of the mermory array MA to the other input

termnal of thevanstorRiHdiel sProvLledhth saFsemgildrf a@paPahusStor
activated in response to receipt of the sense anplifier enable signal SAEN

fromthe addr getforsing an dieteaidad spndcatioATRsiAgdonst pat ha apsukt of a
sensing operation through a line SAQUT. That is, the sense anplifier S/ A
anplifies a diddmiranmdudedneshorageddevties/al ues of the electric currents
fl owi ng through the nenory cell MCO (or MC1l) and the reference cell RCO (
or RC1 ) , and outputs the result of anplification in the formof data. 5
The reference word |ine control circuit RREGUJ used for selection of norma
word |inds receives: PReopedaticon agethabovensedcrihest strackyre Pine
enabling ATD signal SPW a test control signal STEN,_ a normal word |ine 10
sel ection contihs REQFEREL SHWEBE1eBniroldestF ¥tra iRedPY - array normal word
line MAL of the nmenory array MA; and a test word line selection signal SDO,
which is an enforced selection signal used in a test . The reference word

line control circuit REEG, WOLEMN M daPih %A 5% 4! 8hs4Red memory

cell, if a normal word line, which is not a redundant word
15 line, is selected, the potential of the word line of a
reference array rises simultaneously with and in
synchronization with a selection signal for selecting the
normal word line of the memory array. Alternatively, if
the redundant word line is selected, the potential of the
20 word line of a reference array likewise rises
simultaneously with and in synchronization with a
selection signal for selecting the redundant word line

of the memory array.



15 detail with reference to Figures 3 and 4, raises the potential of the
reference cell word |ine RALO based on the normal word |ine selection
control signal SDM which is input when a non-redundant nenory array nornal
word line MAL of the menory array MA is selected, so as to select 20 the
reference cell word ine RALO. The reference word line control circuit
RREDU used for selection of redundant word lines receives : the node
voltage HWL for word lines; the word | Lngzenabling ATD - 50 signal SPW
the test control signal STEN, a redundant word |ine selection control

signal SDR for controlling the nenory array redundant word |line ReW of the
menory array MA; and a test word |ine selection signal SD1, which 5 is

23§§ ol circur . RREDUSRPercUF T PAETHEY | BB *%%Tepa. GLERET 4 (Fhe ::”e
(ol erence Lo, FepliReh M M aBEe IR RIS Ll 0 08 TS B0CRugS! |

SDR whi ch i s k}%mwmgal he BN ngar:ﬁy ag0undagt T 8 | pg BRVL ol 1 he

menory array I'S*sel’ectéd, "so as to select the reference cell wor I|ne

RALL. Specifi S1f fﬁ;ﬁ@ﬂf&fgﬂgs«c%&%itﬂea& GORLEO! BhhgYit
ect| on oTr nor WwWor

RREGU used for Ines and the reference word | i ne

control %'rCUEJn %BﬁDHa%%e@ff%a& el Frd@itielandmypy dcbi NeSiares
descri bed below. Further, a nethod Tor selecting a reference word line in a

data read opepat ﬁecegéalr@r 2ol Ra1t OPEF Ad O 020 taechbeaNDihest FeadheagNt
invention is also described. Figure 3 is a circuit diagramshow ng a
speci fi c exanplgrédéteentiaed ypetaged dvee. drayerresal tt, he reaideseaseswor d
line control circuit RREGU and the reference word - 51 line control
circuit RREDUtdfneFtcgne Purithek siuovet@netihvel tipget qrarding anherbon&ensl i ne
box represents the reference word line control circuit R REGUL 5 used for
sel ection of eger@Etiword IDurse swch emeinprervepent oA e dbtekepafding box
represents the reference word line control circuit RREDUL used for

sel ecti d® of sP¢@ddat crreifenablelgemsdndeMaryce QoRdPei ABCES/G-OI
circuit RREGQUL used for selection of normal word lines is formed by an
inverter CO, an AND logical circuit Cl, a P-type transistor PO, N—type
transi stors NO-N3, and a word |ine drive inverter A?

reference word |ine cERETRCT tdif L QQﬂﬂﬁﬂPa?+ﬁP?%?§r8ﬁthﬁo ﬂrFFnangontro

circuit RREDUl use for ection_of, redu dant mnrd lines is; d_by an
i nverter CO ﬁ?%‘g%&aﬁ’eﬁi?g fL‘PeC’fe SHS3Y Biype ??%n%%l% HE %

N type transi Sct Ortﬁ NQ o¥BineARE oLl %1 ﬂgngoaxg f@&sahsht%d Iﬂﬁ_e
resi stance of YypEé transrs IS set to a very high
resi stange Valo‘fethmﬁuﬁ:]f—aﬁrawerespectlvely. Thus, the rising edges

of the potentials of the word lines occur at the same time,

andaccordingly, areadaccess time can be further shortened

without causing an erroneous operation.

20 Furthermore, a semiconductor storage device of the
present invention can readily be applied to an information
apparatus. Thus, in a data read operation, high-speed

data reading can be achieved.



- 52 N-type transistors NO-N2 (or NO-N2') which are serially connected to
the drain side of the P-type transistor PO (or PO ) are QN, or when only
the N-type transistor N3 (or N3') is ON, an input node SXO (or SX1) of the
word 5 line drive inverter DRVO (or DRV1) is decreased to the ground |evel,
and the potential of the reference cell word line RALO ( or RAL1 ) rises
Note that reference marks in parentheses denote el enents used when the
reference word line control circuit RREDEB used for selection of 10
redundant word lines is activated. Each of the reference word |ine control
circuit RREGUL used for selection of normal word lines and the reference
word line control circuit RREDUL used 15 for selection of redundant word

| i nes receives the no vol tgge HW. for. word | ines e test.contrpl signal
STEN, and the word |iﬂ'§‘u§rfab|| % &Pb’egf}tgh%rf g%%é‘?ef%?%%%’e‘ wBrEes; neo
control circui e I i-0 .nqr.nal j r

recei ves the g%g?ﬁﬁggétﬁ?hgdg%ngéﬁgﬁf%gnﬁgﬁgﬁgﬁn%F#}§f5ﬂg%hf§§g§§F%Q§Do and
t he normal wor, i j at.rol._si : r i ne
control ci rcui#dgﬁ%ﬁgtﬁ% ?g?fgg e%ﬁ%.‘ﬁﬂ%?hgﬁ%ﬂ%?%%% ﬁqﬁgg %gt her

;ﬁcei ves the tAsthoWp dcaiuda el aat | @Pr§h8Bak (Se&pPReibasSt sh@ngly)) Ski and
e

5 information apparatus using such a semiconductor storage

device.

These and other advantages of the present invention
willbecome apparent tothoseskilledinthe artuponreading
10 and understanding the following detailed description with

reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 is a block diagram showing an exemplary
basic structure of a non-volatile semiconductor storage

device according to anembodiment of the present invention.

Figure 2 is a block diagram showing an exemplary
20 specific structure of the non-volatile semiconductor

storage device of Figure 1.

Figure 3 is a circuit diagram showing a specific

example of the reference word line control circuit used



- 53 redundant word line selection control signal SDR In the above
structure, the test control signal STENis zero (low level) when data is
read fromb5 a nenory cell . Due to the AND logical circuit C7. ( or C1' ) ,
the N-type transistor N3 (or N3') is OFF regardl ess of the output state of
the test reference word |line selection signal SDO (or SDI). On the other
hand, the N-type transistors NO and NO are ON due to the operation of the
10 inverters CO and CO. The word |ine-eBabl-ing ATD signal SPWis at a high
| evel ( supply voltage |level ) when data is read froma nenory cell, and
therefore, both the N-type transistors NIl and N1' are ON. 15 \Wen the
menory array normal word line MAL is selected, the nornmal word |ine

mory vord 1ine | |
ransi stor Nos ERLSPRIST draroBhat o es AR el PR Penkd YR B
the node SXO nslechaased Lorall:thesgh 4K geauelos NG ArsaliRabanysignal is

output fromthe word I'ine drive inverter reference ce rd
line RWLO, whanrely tde wofgntial of the reference cell word Iine RALO
rises. - 54" "Alternatively, when the nenory array redundant word |ine

ReW. is selected, the redundant word |line selection control signal SDR is
at high level, and therefore, the N-type transistor N2' is ON. Thus, when 5
all of thse N-type trapsigehr® s NG aNeirdifl tONii&§ean0@nowing safleeheased to
the ground level, and a selection signal is output fromthe word line drive
i nverter DRV spedilftidekemplee£ehe nefal-dndewBYill i ndeostydiheipetient i al

of the reference cell word ine RALI rises. 10 In a test node, i. e. , in

t he case wher asad €ber satectebh of mameal womhd ieHoanddtieacefssedcet he
test control signal STENis 1 (high level). Thus, the N-type transistors NO
and NO are Owermfuéine ¢tHmtppéraironibdbfusdd theoar salecttdron GO medupiant
Therefore, control cannot be exerted over reading of data regardl ess of the
states of thewasdd lines epfablf1a9raT®.si gnal SPW the normal word |ine

sel ection control signal SDM and the redundant word |ine selection control
signal 38R 20 In the test node, the test reference word |ine

Figure 5 is a block diagram showing a primary part
of a memory array word line control circuit and a reference
array word line control circuit of the non-volatile

semiconductor storage device of Figure 2.

15
Figure 6 is a timingchart illustratingaword line
selection operation when a normal word line is selected
in the non-volatile semiconductor storage device of
Figure 2.
20

Figure 7 is a timingchart illustrating aword line
selection operation when a redundant word line is selected
in the non-volatile semiconductor storage device of

Figure 2.



sel ection signals SDO and SD1 transition according to the input address
signal ADD. When the test reference word |line selection signal SDOis 1,
the N-type transistor N3 - 55 is turned ON so that the node SXOis
decreased to the ground |l evel. Accordingly, a selection signal is output
fromthe word Iine drive inverter DRVOto the reference cell word |ine
RAW.O whereby the potential of the reference 5 cell word |ine RALO ri ses.
Al ternatively, when the test reference-wgisd-line selection signal SD is 1,
the N-type transistor N3' is turned ON so that the node SX1 is decreased to
the ground level. Accordingly, a selection signal is output fromthe word
line drive inverter DRV1 10 to the reference cell word |line RALL, whereby
the potential of the reference cell word ine RAL1 rises. In the above
circuit exanple illustrated in Figure 3, the word line driver is an

inverter-type driver %?gw@er% Phe P.iXQE 5{3@ -ﬁtgﬂéwf ang %1T%%3Fﬁzsgtgs

hi gh-resistance el emen but presént ionIs

The present L Jasd O“SCE?GctE%x‘e”p' grented Wl & dl 54 ie“tnéﬁ’P@o%’bX‘ﬁ? d line

driver. For exanple e word line driver o ichis

different frogalheddMEidss- éﬂBPa?@rﬁebﬁ%ﬁgdr'Ver of Flgure 3, may be

enpl oyed. Control of reference wo 't ne coding with such a | atch-type
word ling driver will be described below with reference to Figure 4. - 56

Figure 9 is a block diagram showing an exemplary
specific structure of a conventional non-volatile

semiconductor storage device.

10 Figure 10 is a timing chart illustrating a word
line selection operation when a non-redundant, memory
array normal word line is selected in the non-volatile

semiconductor storage device of Figure 9.

15 Figure 11 is a timing chart illustrating a word
line selection operation when a redundant word line is
selected in the non-volatile semiconductor storage device

of Figure 9.
20 Figure 12 is a block diagram showing another
exemplary specific structure of a conventional

non-volatile semiconductor storage device.

Figure 13 is a timing chart illustrating a word



Figure 4 is a circuit diagram show ng another specif is example (

| atch-type word line driver ) of the reference word line control circuit
RREGU and the reference word line control circuit RREDU of Figure 2. 5 In
Figure 4, the upper part in the broken Iine box represents the reference
word line control circuit RREGJR used for selection of normal word |ines,
and the |lower part in the broken line box represents the reference word 10
line control circuit RREDU2 used for sel asti-on of redundant word lines. The
reference word line control circuit RREGJ2 used for selection of nornal
word lines is fornmed by an 15 inverter CO, an AND logical circuit Cl, an
NOR circuit C2 , P-type transistors PO and P1, N-type transistors NO M,
and a word i [ ' er . i h fer | i nt r ol
20 cireat RREGE TReeOLFEheerg R e of, PG IR hBRREe { or
sel ection of retq_.g?d [.RES ;| . Qr 4. NV, 0, AND

| ogi cal ci rcuiat ' %ramb%?r%ﬁh?' E% , 51te)l%te rlarpnslﬁ{s% %E%%]éﬁggle

PI", N-type traRsiiddHduddeNdtoragd dabaidd ldher doihve 1?verter DRVL. - 57
When all of the N-type transistorS NI-N3 ( or N '~ -N3' are ON and the
N-type transistor NO( or NO ) is OFF, or when only the N-type transistor
Nd (or Nd') 5is ONand the Ntype transistor NO (or NO) is OFF, an input
node SXOs5 or SX1 ) ofilgierevrsl 14 ne tdhimMey idvert 11 DRYE-4t0hgDRWioY-ai S
decreased to the ground level , and a node SYO( or SY1 ) is Increased to a
hi gh voltage Hdhd esdledtoronnspekanesn shehhal rdd@mprentwatdoiihbeis
reference cell word 10 line RALO ( or RAL1 ) rises . Note that reference
mar ks i n par estlesgdedidénot e alosrvardisa tishs sehdedntiuced e sepcagsoddvicae
control circuit RREDU2 used for selection of redundant word lines is
activated. 15oEadhofre he2reference word line control circuit RREGJ used
for selection of normal word lines and the reference word |line control
circuit RREDU2 used for selection of redundant word |ines receives the node
voltage HW for word lines, the test control signal STEN, 20_and the word
line end® i ng ATD si gRAIUSIBWLSTHR QWY ditth G@TvioF el | Ykt agat #of @riving
RREGU2 used for selection aof rilor mal _ word lines further receives_the test
ref erence wor FHTTFE SEREATHR LT JrEPTEAE SRR LA hBMRITO WO LE 1t FRILRPect i on
control signal %DI&éla Trhe %ef erence word |ine - 58 control circuit RREDU2
used for sel eCti6h o TEUUMREHE “®BPA 1ines further receives the test
reference word |line selection signal SD1 and the redundant word |ine

sel ection control signal SDR 5 In the above structure, the test control
signal STEN is zero ( vel (S read.fr o . Due
to the AND | ogi cal ci I'ng\gfldtIPeC%é( \gﬁ%ﬁﬁ,é%he&l I\I—gfa&;f)sgwtg?agggg%%r ﬁélk?or
NA') isa1GFF r Q@%{dﬂ&s%oofhé%ié‘%g)@ﬂoﬁhe Gt&nPlal her esbreebakensgel yor d
line selection signal SDO (or SDO ). On the other hand, the N-type

transi stors Nioadllihe ang €hedicténtiae OPel abmdTyohrirag hoyRatensr&O and
CO . The word line enabling ATD signal SPWis at a high level ( supply

vol t age | evel ljinshdror5a de¢mory aezdyl redumdeamorworxel linand t herefore,
both the N-type transistors N2 and N2' are ON.

Figure 17 shows the currents flowing through a
20 memory cell and a reference cell at time t(a) in Figure 16
(part (a) of Figure 17) and at time t(b) in Figure 16

(part (b) of Figure 17).

Figure 18 is a block diagram showing a basic



When the nmenory array normal word Iine MAL is selected, the normal word

| ine selection control 20 signal SDMis at high level, and therefore, the
N-type transistor N3 is ON. Accordingly, the node SXO is decreased to the
ground level, and the P-type transistor POis turned ON, whereby the node
SYOis increased to a high voltage HAL | evel for word lines, and the P-type
- 59 transistor Pl is turned OFF. Since the normal word |ine selection
control signal SDMis at high level, thesfdtype transistor NOis OFF due to
the operation of the NOR circuit C2 . Thus , the node SYO is not decreased
to the 5 ground level, and therefore, a through current is not produced. On
t he ot her hand, when the node SXOis at the ground |level, a selection

[ | i h f
SLanal 1S Ut Bkt Nt LG e Y S B hger RS g
i RW.O I
REQE i's se{éisgﬁ?é?hgﬁﬂ%%§y§§%’|s ec%gggggg?g¥P%; 3&5&% \Nan¥%§9th;ne

sanme reason as described above, 15 and a sel ection signal |s out put from
the word line drive inverter DRV1I to the reference cell word |ine RALL,

wher eby the potentlabg@bgﬂgyféﬁ e C thgghgdlgyﬁd@@gE Ntses. 20 In a

test node, i . ., Inthe case ere the reference sell RCO (or RCl) is
manual | y sand enforcedly accessed, the test control S|gnal STEN is 1 (high
| evel ). Thus, the N-type transistors N1l and N1' are OFF due to the

operation of the invenkeesin@®@t¥id &bodIhentlsos£the préfent invention
will be described with reference to the drawings. 1In an
example described below, the present invention is applied
to a non-volatile semiconductor device used in an

10 information apparatus.

Figure 1 is a block diagram showing an exemplary
basic structure of a non-volatile semiconductor storage

device according to an embodiment of the present invention.

15
In Figure 1, the non-volatile semiconductor
storage device 20 includes: a memory cell array RA having
a plurality of reference cells RCO and RCl (hereinafter,
referred to as a "reference array RA"); a memory cell
20 array MA (hereinafter, referred to as a "memory array MA")

which is a data storage region and is a main array of the
storage device 20; a comparison/output section 21, such
as a sense amplifier S/A formed by a differential

amplifier; and a decoder section 22 for selecting



control cannot be exerted over reading of data regardl ess of the out put
states of the word |ine enabling ATD signal SPW the normal word |ine

sel ection control signal SDM and the redundant word |ine selection control
signal SDR. 5 In the test node, the test reference word |line selection
signals SDO and SD1 transition according to the input address signal ADD.
When the test reference word |ine selection signal SDOis 1, the N-type
transistor N4 10 is turned ON so that thggnede SXO is decreased to the
ground level. As a result, the P-type transistor POis turned ON, and the
P-type transistor Pl is turned OFF for the sane reason as descri bed above.
In this case, since the test reference word |ine selection signal SDOis 1

hi gh 15 | i st i t i f
the AND 1 ogi caregeriniidd MR U b rel ZFndd R iR Bhshn o
series of ope&g_&;@,aéﬁ%ﬁgtﬁgg{lgh RBDt he reference cell word |line RALO

rises. Alternatrively, est reference word |line selection signa
SD1 20 is 1 (high level), the N-type transistor N4' is turned ON while the
N-type transistor NO is turned OFF, and the P-type transistor PO is

turned ON while the PrihypRelFrdfSiShLE dilray SrA UTdted Hefe tA® Ref&shbe the
node SX1 is decreased to the ground | evel,” and the potential of - 61 t

referencg wor gelliinGoPA 1 ihiexefiseld £oRoHbdabaghahehns Peheehéhpérervhgs the
| atch-type word line driver of Figure 4 ~is used, it is necessary to 5

mai ntain the R RIS E. bi. NecIEeOEHI 1GM SH MWD aRidRWl, 1 PV eaftovhged.
redundant word |ine selection control signal SDR at the ground | evel during
test node contthel redeerendie cedd! woeid 1Lohes RYLAD afdFRWLY dye cbhespteaq, the
test reference word line selection signals SDO and SDI may not 10 be
appropri at el y toontrefkelretdiceAscaelissRCO, antih ROR, r efesmpeceively . wor Thei nes
RALO and RWL1 may be sinultaneously selected. As a matter of course, it is
not necessary red gurendelced IspRGtangdr REh Epe crommen ingoanadted itocthery is
desi gned such that both the normal 15 word |ine selection control signa
SDM and ithe r &dindbie wBBE |1a3nfe Ravecthen 9% r Bhrephedld R e afha | ow

| evel when the test control_ signal STENis 1. As described above, the

circuitry incFeRSTERH FEhlef #Modtbe ldd® RIBIY AiShe@SRWVO TSty RRED can

r il nt r ol | ith i npl i rcui r I, ith .
eadily be Coﬁbﬂzrégﬁggént%e%o é%éﬁy%grkéfwé¥éﬁl%eaw%ﬂ%&eggglbed

later) of thememoryarray MAisselected, and thereference

he

cell word line RWL1l is activated when a memory array
15 redundant word line ReWL (described later) of the memory

array MA is selected.

The memory array MA forms an information storage

region and generally includes a plurality of memory

20 cells MC as storage elements arranged in a matrix along
the row and column directions. Herein, only a memory

cell MCO for data storage and a redundant memory cell MC1l
which is provided for substituting the memory cell MCO

are illustrated for the simplicity of description.



depending on the type of a word line driver. Further, even if the nunber of
reference cell word lines is 3 or nore, a control circuit of the present

i nvention can be - 62 inplenmented by extending the above-descri bed
circuit structure exanple. The above-described circuit structures
illustrated in Figures 3 and 4 are nmerely exanples of the present

i nvention. According to the 5 present invention, any circuit structure my
be enmpl oyed so | ong as the above-describgd f.eatures of the circuit which
are necessary for inplenenting the present invention are provided. 10 Next,
the normal word line selection signal transition detection circuit XREGS
and the redundant word |line selection signal transition detection circuit

XREDS of Fi 2 d hod of | i . |
wrd |ine (ofos NERBFy aFFay TeRbart hdrihd ALy 2 SoRnPer SR, ERee cel
dli f di dat a f d ibed in detail with
rof erence to ARGH: SnehanpEYR LT HeP Y At ag Mo ERE Ak RgTer 9w par
20 of f d- ] |, cj ' h
non-vol at o VSR AT (G AE: bPage s e ofSrrbfy Bage B orie dfemedi oo on

of the normal uandddi1e mye Ba158) SEUIAD A kA ARSMdPIndeles Lo

circuit XREGS, an operation el ecting nory array norne
5 commonly connected to a bit line MBL.

The comparison/output section 21 compares the

read voltage (or current) level of the memory cell MCO

(or MC1) selected by the decoder section 22 with the read

10 voltage (or current) level of the reference cell RCO
(or RCl) selected by the decoder section 22, and outputs

data which represents a result of the comparison.
Specifically, the sense amplifier S/A, for example,
applies the same gate voltage to both the memory cell MCO

15 (or MC1l) and the reference cell RCO (or RCl) selected by
the decoder section 22, and amplifies adifference between

the values of the electric currents flowing through the
memory cell MCO (or MCl) and the reference cell RCO

(or RC1l), and outputs the result of amplification in the

20 form of data.

In the case of selecting the memory array normal
word line MWL, the decoder section 22 selects the

reference cell word line RWLO (first word line) connected



line MAL is described in nore detail. In the exanple illustrated in Figure
5, assune that the nunber of address 5 signal lines for selecting the
menory array normal word line MAL is n (where nis a natural number) . In
response to an address signal ADD, the normal word |ine predecoder XPDEC
transmts a normal word line selection signal SXto the normal word |ine
decoder XDEC t hrough 10 a group of 2 normal word |ine selection signal
lines . The nornmal word |ine decoder XDE@orai ses the potential of a desired
main menory normal word |ine MAL based on the normal word |ine selection
signal SX. 15 Wen at | east one of the 2 normal word |ine selection signal

I i nes transnitting the normal word |ine selection signal SX transitions to

a high voltage | exgl. t0ge eg@éhﬁq&{@q oAl el WA WA mbhaRY! Lkaly

detection ci I‘CUI ECtS Ion so as to outpu

normal word | bagsel 66 mﬁ?’fzhﬁgnﬁﬁﬂ' Anale SBML O LA JAY RIERER HORGCY ne

control circuit I's used ecting normal word |1 nes. The

nornmal word | ipne. aﬁgrﬂ#drp&ﬁe%éeh ﬂﬂeaheﬁw e (a@c%dé’f'e&é'@fléfiYZQne of

t he nenory array word lirnes MAL is selected. - In response to

this trigger %Ieg_%té%e tlh@féféﬁesneelm%@ru rlqr@rnwpi Féééé'ha FREEU

rai ses the potential of the reference cell word line RALO . The nunber of
signal |ishes ,11Ine()w%rn%écﬂe9daemmralefe&m%@ cellncRodedtbgetherswanal 5

line group for transmtting the normal word |line selection control signal
SDM may be smaheemeday bheaiureaundfany ¢odld lLines ReML . na@hatedsi,nthbe
signal line group for transmtting the normal word |ine selection signal

SX. 10 In thi slegyditsdt maict idie2 norgimu e bustysedrdt i syncondénolisiygna
SDM whi ch indi cates selection of the nmenory array nornmal word lines MAL is
i nput fromtheutgpued seildcltioe selemalonte getht Fhasiwdrsh Henest MEh
circuit XREGS to the reference word line control circuit RRE wher eby 15
t he reference anst RWLe( eonReBl anfcBRLIRRPEU the sMemany ¢t bnMEal (8F t he
reference cell word line RALO However, the present invention is not
limted %0 suMfld aandicihg eefrrersanpe bl RFBhbaF BEdVi 8PngSt ke RBLARI word
line selection signal transition detection circuit XREGS, the 20 nornal

word |ine sel &9 BATS Lhae PR dbS disusdt FRatnpae tcjtimt‘h%s P&t E?Eﬂ&&gwor d
| trol t RRE th h | | udi 2 |
[ hes. her ey B RdETE e TERHLY Gl Laee dotcrPid dndkia Fafr8edbho

potential of th%i‘ﬁégep ﬁEHB g%e coﬂ%ﬁé@gﬁ% and synchronous.

15 Thus, since the timings of reading of data from
the memory cell MCO (or MC1l) and the reference cell RCO
(or RC1l) are synchronized, it is not necessary for the
reading of data from the memory cell MCO (or MC1l) to consume
extra time until when both the potentials of the word
20 lines MWL and RWLO (or ReWL and RWL1) reach a
predetermined voltage level, which is required in a
conventional device. Further, a data read operation can
be performed without causing an erroneous operation even

when both the potentials of the word lines are rising,



- 65 In the case where the reference cell word line RO is sel ected using
the normal word line selection signal transition detection circuit XREGS,
the signal line group 5 for transmitting the normal word |ine selection
signal SX may include only one signal line or a plurality of signal lines
in consideration of the structure and | ayout area of the reference word
line control circuit RREGU. As a nmatter of course, the nunber of signal

|l i nes can be 10 considerably reduced whemnyi he nornmal word |ine selection
signal transition detection circuit XREGS is provided, as conpared with
when the normal word line selection signal SXis directly input to the
reference word |ine control circuit RREGU t hrough a signal |ine group 15

i ncludi ng 2" si naI S rovidj ng the nornal rd |inesel ection
signal transitTon %BYe IOE%& 4) Gy 81 E8r58§€¥£ption of the
redundant word line selection signal transition detection circuit XREDS, an
20 operation of selecting the main nenory redundant word |ine ReVL i's

descri bed !n nor e detq%gﬁeéifig lgl $%e re qﬂ%ﬁ?ﬁlg' c QD used

for selection of word es’'1sS a

pr edecoder XPRQEQfaJBedé€?HEd§BtaﬂBB@d n@eto t£%6 rQ%%gﬁfggﬁyéﬁ?Z mord li ne

out puts a redundant”“word |1 nesel ection signal oth
decoder XRDEC ;gpdaései-Rse 0wyt %:@féféjr%@af‘GYF§§{1§E@ RALHIO Al MD,

whi ch indi cates whether or not a normal word line'is to 5 be replaced W th
a redundant word line, to the normal word |ine predecoder XPDEC. In the
exanple illustrated in Figure 5, assune that the nunber of signal |ines

included in a signal |FfguesoRpid A blllcks diilalgragh howiedt Rtaskewpiddy ne
selection signal RXis m(where mis a natural nunber) . 10 The nunber "ni
is equal to thepecbbbe oftredtuntenofwotie non-volatile semiconductor
storage device 20 of Figure 1.
10
In Figure 2, anon-volatile semiconductor storage
device 30, which is an exemplary specific structure of
the non-volatile semiconductor storage device 20,
includes: a reference array RA, a memory array MA, an
15 address transition detection circuit ATD, a normal word
line predecoder XPDEC, a normal word line decoder (normal
word line control section) XDEC, a normal word line
selection signal transition detection circuit XREGS, a
redundant word line predecoder XPRDEC, a redundant word
20 line decoder (redundant word line control section) XRDEC,
a redundant word line selection signal transition
detection circuit XREDS, a bit 1line decoder YDEC,

switching sections ¥YSM and YSR (hereinafter "bit line

selectiontransistors ¥SMand¥Y¥SR"), asenseamplifier S/A



lines. This signal line group is connected to the redundant word |ine
decoder XRDEC. The redundant word |ine decoder XRDEC raises the potenti al
of a desired nenory array redundant word |ine ReW. based on the redundant
word 15 line selection signal RX transmitted through the above signal |ine
group. Wien at |east one of the msignal lines for transmtting the
redundant word |ine selection signal RX 20 transitions to a high voltage

| evel , the redundant word |ine selectiang3i gnal transition detection
circuit XREDS detects this transition so as to output the redundant word

| i ne selection control signal SDR to the reference word |ine control

circuit RREDU which is used for selecting - 67 redundant word lines. The
redundant word I| selectlon conyrol tgna C§PR iq?ica{gs t hat Sny of the
memory array Fﬁbu ht TUPRATR2L/REGPULs SOy %%85§e o tfhis

trigger signaleggﬁhrkgg Q; eﬂ%ﬁa“DEQHEEQﬁ-Cgﬁ&fﬁltrﬂﬂﬂéﬂ“ R@F ralses

the potenti al fef erence he number S|gnal

lines, | (V‘hers%ledhe reg’%tng aﬂuﬂgffl)liﬂé@l( &1 e tf%%esr*cﬂ{'%ﬂq & “r’rgg

for transmtting t inée Sel'ection cont

be smal | er th@%ﬂﬂf%f“ﬁ@%%f& F'QQ§w1 nféfer%%c@ WOF u%%%é”c&ﬁ%r?ignm

line group for transmitting the re ant word I'ine selection signa

this embadi menptirdiie: regepease Mt Islen%éﬁ&pfdfo@ea%faraqit Fogaah i PR whi ch
indicates selection 15 of the menory array redundant word lines ReW is

i nput from t hq depsiidlaat ewohed woed 38neCd o RPrsl @At iidNsi timnadebget on
circuit XREDS to the reference word line control circuit RREDU, whereby the

reference wor Geddtiigor e b@ FLyuedi I RREDYmed B2 HdEop0beinicadl ehehlie
reference cell 20 word |ine RAL1. However, the present invention is not
limted to suchawrstinutiguee EZortlexaopimsl wotcdolinemme diéogdéheXPBHANdant
word line selection signal transition detection circuit XREDS, the
redundant wor dhe memsEleciond $igeatieBXdeny (romialkcidndi hpue tonthel - 68
reference word line control circuit RREDU t hrough a signal
10 section) XDEC, the normal word line selection signal
transition detection circuit XREGS, the redundant word
line predecoder XPRDEC, the redundant word line decoder
(redundantword line control section) XRDEC, theredundant
word line selection signal transition detection circuit
15 XREDS, the bit line decoder YDEC, the bit line selection
transistors ¥YSM and ¥YSR, the reference word line control
circuit RREGU used for selection of normal word lines,
and the reference word line control circuit RREDU used
for selection of redundant word lines.
20
In the reference array RA, a reference cell word
line (first word line) RWLO is connected to the gate of

the reference cell (first reference cell) RCO, and a

reference cell word line (second word line) RWL1l is



i ne group including msignal lines , whereby the reference word |ine
control circuit RREDU raises the potential of the reference cell word |ine
RAL1. 5 In the case where the reference cell word line RAL1 is sel ected
usi ng the redundant word |ine selection signal transition detection circuit

XREDS, the signal line group for transmtting the redundant word |ine

sel ection 10 signal RX may include only one signal line or a plurality of
signal lines in consideration of the strygture and | ayout area of the
reference word line control circuit RREDU. As a matter of course, the
nunber of signal |ines can be considerably reduced when the redundant word

line 15 selection signal transition detection circuit XREDS is provided, as

compared i th hsh. diea egundant guard L ne.se! egkl annsLonal X b ghrect |y

input to the reference wor he IS0t circul DUt hrough a“srg

line group ingld %fr%é‘é 8k913! ddines A"MP‘?L%epR@f.f'é g,-%ggg%lgéaméekgao wor d

| i ne sel ection si transi'tion detectron circult descri

above, the nortraalm@%émé 5¢! £6bi 28:8kAAYe UAMNSIHEPMHEIREL] OBnAl BCUI !
XREGS detects a - transition o e normal  word Iine seléction signal

SX and then OQ&ﬁ&Eéétﬂﬁhémﬁﬂ@J1¥W56h$bﬂf¥;§§ﬁﬁéb9BdCQBtEHB sbapaksSEM t 0
the reference word line control circuit which is used for selection

of normals wor ¢ e Itd@sSredbdSceMERCON@N®HE . Wword |ine selection signa
transition detection circuit XREGS is prOV|ded there is a concern that the
output timng of the normal word line selection control signal SDMis

del ayed with respect to that of the normal word |ine selection signal SX
and In the memory array MA, a memory array normal word

line MWL is connected to the gate of the memory cell MCO,
and a memory array redundant word line ReWL is connected
10 to the gate of the memory cell MCl. A bit line MBL is
commonly connected to the drains of the memory cell MCO
and MCl, and a source line MHS is commonly connected to
the sources of the memory cell MCO and MCl. The source
lines RHS and MHS are generally maintained at a ground
15 level, but controlled to be at a different level when the
storage device is in a special mode, such as a test mode
or the 1like. For example, in a deletion mode, the source

lines RHS and MHS are at a high voltage level.

20 The load capacitances of the reference cell word
lines RWLOandRWL1l, thememoryarraynormal word line MWL,
and the memory array redundant word line ReWL are set to
the same (or substantially the same) load capacitance such

that the rising times of the potentials of these word lines



10 accordingly, a tine difference is caused between the rising tines of the
potential of the reference cell word |ine RALO and the potential of the
menory array normal word |line MAL. However, in an actual device, since a

| arge number of nmenory cells MCO are connected to the normal word |ines,
the wire 15 capacitance (gate capacitance) of the normal word |ines al nost
dom nates the rising transition of the potential. of the normal word |ines.
Thus, a delay of the normal word |ine sekection control signal SDM caused
by the normal word line selection signal transition detection 20 circuit
XREGS rarely causes a difference between rise timngs of the potentials of
the reference cell word line RALO and the nenory array normal word |ine
MAL. As described above %ﬁe redundant word |ine - 70 selection signa
transition deb??Fﬂﬁ?cﬁq% t XREDS detects a transition of the redundant
word line selection signal RX and then outputs the redundant word |ine

sel ection control signal SDR to the reference word line 5 control circuit

RREDU whioh 15 used Ta6sehagbbad ofrfgupda! HIOFokiBAS o1 dbupy abon the

redupdant word line s ctron si transition detection circuit XREDS is
provi ded, t her%‘éteﬁ'{)teé bH‘d&hfgsé Qfgﬁﬁﬂuﬁﬁ@rﬁn&"arcﬁuiﬁ B8 apalest §RA1L CQEW ol

signal SDR is del ayed h respect "to 10 that of the redundant word |ine
sel ection si gigle Rédd%‘é‘é%veﬁ:rah@ﬂtll'o% Cageediti®dn deg dittha™ r das a

capaci tance of the redundant word |ines and the nenory cells M1, a del ay
of the redundaniuredritky idre aaRiredd @1 gadt NAhes. When at least one of
the address signal lines transitions (i.e., when the
address signal ADD is input), or when the chip enable
signal CE# decreases to the ground level, a required pulse
10 signal, e.g., a word line enable ATD signal SPW, which
is also an address transition detection signal, is output
to the normal word line predecoder XPDEC, the redundant
word line predecoder XPRDEC, the reference word line
control circuit RREGU used for selection of normal word
15 lines, and the reference word line control circuit RREDU
used for selection of redundant word lines. Further, the
address transition detection circuit ATD outputs a sense
amplifier enable signal SAEN, as another required pulse
signal, to the sense amplifier S/A.
20
The normal word line predecoder XPDEC receives the
address signal ADD and the word line enable ATD signal SPW
as well as a redundancy determination signal MD. When

the normal word line predecoder XPDEC receives the word



signal SDR caused by the redundant word |ine selection 15 signal transition
detection circuit XREDS rarely causes a difference between rise timngs of
the potentials of the reference cell word line RAL1 and the nmenory array
redundant word line ReW.. 20 An operation of the above structure is now
described. Specifically, a data read operation performed when a
non-redundant normal word line MAL is selected is described with reference
to the timng chart of Figure 6. - 71 4lsn _Figure 6, the horizontal axis
represents time ( tO tot6 ) , and the vertical axis represents the voltage
| evel of each signal. Figure 6 shows, fromthe top to the bottom of Figure
6, supply voltage VCC, the node 5 voltage HAL for word lines; a chip

bl i [ |, CE# which i | S | f ' [ h
Govi ce: an QUERC eraBPTay TS SRohaY FHBRe Hoddhi piF ohiave obfe°
itti d t ' ' ' I which._i t put
From an adarece Fidiey At IS BERE D) S Borrial Waraiatier i ne
| ecti | G- t ' | ect | . I
S onal DR 1 RESSSTLnTe Rbke BRLERRE Mo lht SERR PR R P FRLb°
potential of Ll aeReSebh ¥RE ;ﬁé&m{y\%df% RQ'gRl1 EBH Hld £f

sel ection signal SX; the 15 potenti of the nenory array nor mal mnra l'ine

MAL; and g he piraidl alord 11ge "BEBbYed kBEC QNN AMY YO¥FFal | PorieYine Wien
both the chip enabling signal CE# and the output enabling signal OE# are at

the ground | ewellect il as1@@dl Opehakien okt PEId T Sedcuz® Rakesr.ing to
Figure 6, after the storage device 30 is powered on at tine t0O, the node

voltage HAL for word lines, which is used for reading of data, begins to
rise at tinme tl. - 72 At time t2 which occurs imediately after the
storage device 30 is ffawenedmal, widml ddme cleatader SRDECondupdwerstiobgage
device 30, such as a flash EEPROM 5 is in a data readable state. That is,
in this state2a date vadtbger @M dor Wood Lhsest.or he devined 8Orfyline
decreasing the Ch%P enabling signal CE# to the ground |evel.

10 decoder XDEC recelves the normal word line selection
signal SX from the normal word line predecoder XPDEC, and
outputs a voltage to a predetermined memory array normal
word line MWL (raises the potential of the word line MWL)
according to the normal word line selection signal SX,

15 thereby selecting the predetermined memory array normal

word line MWL.

The redundant word line predecoder XPRDEC

receives the address signal ADD, the word line enabling

20 ATD signal SPW, and a redundant word line address
signal BADD. The redundant word line predecoder XPRDEC
performs redundancy determination based on the address
signal ADD, and outputs a redundancy determination

signal MD to the normal word line predecoder XPDEC, and



Then, at tinme t3, the word line enable ATD 10 signal SPWrises in response
to falling of the chip enabling signal CE# In response to the rising of
the word line enable ATD signal SPW the normal word |ine predecoder XPDEC
rai ses the normal word line selection signal SX and outputs this raised
signal SX to the normal 15 word |ine decoder XDEC and the normal word |ine
sel ection signal transition detection circuit XREGS. At time t4, in
response to the rising of the normal wordgl i-ne sel ection signal SX, the
normal word |ine 20 decoder XDEC begins to raise the potential of the
predeterm ned nenory array normal word line MAL. On the other hand, the
normal word |ine selection signal transition detection circuit XREGS
detects a - _73 .transition.of. the normal word ling,selection.signal SX
(hi oh Tevel vatad8 888k dRa ol Sel8elherat darLuirkats Ehe SEndhdra
control signa he, 1 rd lin o] LI gui RECGU whi ch
is used for sglloec i%%né aecﬁ%grérﬁ\?\%r %nn%ssh%he%%é‘#%é%lﬁ]gev}v?oﬁd ﬁtjﬂg

Cont 0 sou - ok BRI 648 | BaLaLie 00 WO Lol | 0286 £CkREBSCON! T O!
signal SDM reaches the supply voltagée Tevel, and begins to raise the
potential of a predeterm ned reference cell word |ine RALO As descri bed
above, the operation 10 tine of the normal word |ine selection signal
transitign detection ¢heCHbiuXBERS #Sr& AR PR dofe PXBRISEMANS the
capaci tance of the word lines to sone extent™, and therefore , the rise
timng of thenpreRat ewslr-aed Do epfdadle adRexppher ennsell y01detipggs RWLO
and the rise timng of the 15 predeterm ned nenory array normal word |ine
MAL occur at sieheiradiiiationt s@ei@n! i meThéf teglécwhbhe déeadcthigatiodata is
conpl eted, and then, the word |ine enable ATD signal SPWfalls to a | ow 20
| evel at tineskemtids detesulinedbEsdden eher addeecesl signall ADDewlRER and
the potential of the predeterm ned nenory array normal word line MAL falls
to the groundolfedsle giredetermdined- mgoryn atriay weormahevgod ehinal MBL t he
reference cell word line RALO is raised in response to a trigger signal,
i.e., tA® nor@ad wded menrryscheEay onedhngdantsyond chiine ReWl i9rtaebecting
the menory array normal word line MAL 5 or the normal word |ine selection
control si gnafe3mAtfd ch Fafp¥amned esep€EPFEANGf t 9 A& ifeRBPY ddPERY -nbR fral
word lines MAL, whereby a difference iin the rise_timpgs of both the
potential of ERATEAEHRELetinaoPEeRPRadRR SERRES 8 TRABHIT 21 DBFoLhne

I d |i MAL 10 b | i m nat h i bl
to a negl i gi bFE BFeFIdERTe TP LAPEMATFRGRCRE B C(AIFETEY CREC Rel |

word |ine RAL t y._nornal rd. lin e e L to
each other. T _t?s, %%§F°&BE§;$’BH¥? ia{“?/ﬁt ﬁ%gegﬁgd\é\%r?%éadar?p %%B‘%%E%oﬂ?ng?s
erroneoys; reaqisRg | §o§0BLHAH aBh¥nkd S¥AUEEENEVERe Alndriita Bt AblraOf 1 #ndat a

read operation.
predecoder XPDEC needs to Dbe replaced with the

predetermined memory array redundant word line ReWL, and
only when such replacement is necessary, the redundant
word line ©predecoder XPRDEC 1issues a redundancy
20 determination signal MD to the normal word line
predecoder XPDEC. In response to the redundancy
determination signal MD from the redundant word line
predecoder XPRDEC, the normal word line predecoder XPDEC

cancels the output of the normal word line selection



Furthernore, if the possibility of erroneous reading is considerably
reduced, the timng of the start of a data read operation occurs earlier,
and as a result, the data read speed can be further increased w thout
causing 20 erroneous reading of data. Next, a data read operation perforned
when a redundant word line is selected is described with reference to the
timng chart of Figure 7 . In Figure 7 , a redundancy - 75 determ nation
signal MD and a redundant word |ine selLegkian signal RX are considered in
addition to the various signals described above, and a redundant word |ine
is considered in place of the nenory array normal word 5 line MAL. The
operation fronltine tO through tinme t3 is totally the sanme as that

Sﬁfﬂéﬁ:d%hQ E‘&l ﬁsgx{‘é‘gioeih 15 GREBeG: RERfe ¢ e R o AR fgﬁi e
' SPW [

Sel ccti on S GRAS '%%ﬁ%%f?@@ﬁ“%ww%é e BB g2l

The transi 1 of R AT d0hra b et sy 1L HEREEY | Shr &y b oG ER e o

vol tage) so as %Iﬁgﬁﬁ_the nor mal word I|ne sel ection control signal SDM
In response to hi s operation, both the reference cell word Iine RALO and
the menorgy array nornmal word line MAL begin to rise. 20 However,

i mredi ately after that, the redundancy determ nation signal NMD is output

from the redundant worgd rBeuRGedRCHESH XPROES:L8abEe XROERL sWob e bR
predecoder XPDEC at tine t4. Both the normal word |ine
by the node voltage HWL for word lines. Further, the
redundant word line decoder XRDEC receives a redundant
word line selection signal RX from the redundant word line
10 predecoder XPRDEC, and outputs a voltage to a
predetermined memory array redundant word line ReWL
(raises the potential of the word line ReWL) according
to the redundant word line selection signal RX, thereby

selecting the predetermined memory array redundant word

15 line ReWL.

One output terminal of the bit line decoder YDEC
is connetted to a bit line selection gate line RYSEL for
reference array. The bit line selection gate line RYSEL

20 is connected to a gate electrode of the bit line selection
transistor ¥YSR. The other output terminal of the bit line
decoder YDEC is connected to a bit line selection gate
line MYSEL for memory array. The bit line selection gate

line MYSEL is connected to a gate electrode of the bit



- 76 selection signal SX and the normal word |ine selection control signal
SDM whi ch i ndi cates selection of a normal word |ine decrease to a | ow | evel
As a result , the reference cell word line RALO and the potential of the
5 menory array normal word [ine MAL transition to the ground level. In this
way, in response to the issuance of the redundancy determ nation signal MD,
the redundant word 10 |ine predecoder XPRDEC out puts the redundant word
| ine selection signal RX to the redundanggward |ine decoder XRDEC and the
redundant word line selection signal transition detection circuit XREDS. 15
Then, the redundant word line selection signal transition detection circuit
XREDS detects a transition of the redundant word |ine selection signal RX

slanal SoR (o T T SHEPEACH to et TharcoRtvol b iy ifp AReBEbk Ao, s
of “the rorer e GaA b 4 R G R SR SRR L RgUERRELT o7
redundant vor & e HecHHer MR bagaepS P o e b et MR ER oy 1
predeterninedogpqgﬁy'%ﬁﬁgy gggy?ggngi .4 lappe, ReW in response to the

rising 5 of the redundant wor Ine sélection signal RX. In this exanple,
after the potential of the nenory array normal word |line MAL began to rise,
the nmenory array

The bit line selection transistors YSR and YSM
select, based on a selection signal from the bit line
decoder YDEC, any of a plurality of bit lines RBL in the
reference array RA and any of a plurality of bit lines MBL

10 in the memory array MA, whereby connecting the selected
bit lines RBL and MBL respectively to the input terminals
of the sense amplifier S/A. That 4is, the bit line
selection transistor ¥YSR connects an end of any of the
bit lines RBL of the reference array RA to one of the input

15 terminals of the sense amplifier S/A. The bit line
selection transistor YSM connects an end of any of the
bit lines MBL of the memory array MA to the other input

terminal of the sense amplifier S/A.

20 The sense amplifier S/A is activated in response
to receipt of the sense amplifier enable signal SAEN from
the address transition detection circuit ATD, and outputs
aresult of asensingoperation througha line SAOUT. That

is, the sense amplifier S/Aamplifies adifference between



normal word line MAL is canceled and switched to the 10 predeterm ned
menory array redundant word line ReW.. This is because, as described above,
the normal word |ine predecoder XPDEC undesirably issues the normal word

i ne selection signal SX while the redundant word |ine predecoder XPRDEC is
consi dering whether the 15 predeterm ned nenory array normal word |ine MAL
is switched to the predeterm ned nenory array redundant word |ine ReW
based on the address signal ADD, and accqrgdingly, a certain length of tine
is required for canceling the normal word Iine selection signal SX by the
redundancy 20 determ nation signal MD. After a while, reading of data is
conpleted, and then, the word |ine enable ATD signal SPWfalls to a | ow

| evel at time t6. In response to the falling of the word 78 | { ne
enabl e ATD i it VRS Hh (Ho & HTEHE LR PR ks HLPRIBSRAETORAY e
menory array redundant r i ne Re fall _to the grqund | evel I t7.
5 As éescri %e&'eggoﬁ Fﬁ\i@o%d&ncf}?%%%% ?Hg c%%e%?%%ﬁﬁncéa\r/t ?eiﬂl gkge
conventi onal r vice it J.s ne r LeRl the.
predeterninedq%gﬁ5¥§92?f§§dﬁ%$$§hﬂﬁwﬁqfIﬁe%gﬁﬁaf*séﬁgégga%%ggéﬂl&H gﬂeinput
addr ess signa&a@ﬂrhfrﬁhggany array redundant word |line ReW, 10 the
normal word |ine selection signal SX is generally canceled after a

redundancy determi nation process is conpleted, and thereafter, selection of
redundant word lines is perforned. Thus, the rise timng of the potenti al

of the nenory array re¢ndaptraned wdie1ReWed e oL Wikl Rl ayed with
respect to the rise timng of the potential of the predeterm ned nenory

array normal wyrd dd1ectibn BFerRii£Lr wordheisase réfcdisidy: atg@nyenki onal
reference word line control nmethod, a considerable tine difference is

produced bet wagiLtdwe rHWE £o81 Rerdl lihespoteid drdfl e tdrabiingenre cell
word line RAL and the rise timng of the potential of the nenory array
redundant wor Gigmel ReM; a Besorabmigrd D stilymadr HEEN ; anvenhadmodivtuer, a
delay tinme produced by replacenent of the menory array _ 79 _ normal word
| i ne MALLGA t h stellee giteian \centagl retamadnSDMofdr| ¢ortReWL ing tbepewasaryd f or
by performng simlar replacenent in the reference array RA anong a
plurality of refa®emareal | wasddlipgeMWRWOL ithe ey cavkanphd; and

a test word line selection signal SDO, which is an enforced
selection signal used in a test. The reference word line
control circuit RREGU, which will be described later in
15 detail with reference to Figures 3 and 4, raises the
potential of the reference cell word line RWLO based on
the normal word line selection control signal SDM which
is input when a non-redundant memory array nhormal word
line MWL of thememory array MAis selected, soas toselect

20 the reference cell word line RWLO.

The reference word line control circuit RREDU used
for selection of redundant word lines receives: the node

voltage HWL for word lines; the word line enabling ATD



5 two reference cell word lines RO and RALI') . That is, a selection
determ nation section formed by the normal word |ine predecoder XPDEC and

t he redundant word |ine predecoder XPRDEC determ nes which of the nenory
array normal word line MAL and the nenory array redundant word 10 |ine ReW
is to be selected based on address information. After the determ nation,
the normal word |ine decoder XDEC (or the redundant word |ine decoder
XRDEC) selects the nmenory array normal _wggpd _|ine MAL (or the nmenory array
redundant word line ReW), and at the sane tinme, the 15 reference word |ine
control circuit RREGU which is used for selection of normal word |lines (or
the reference mnrd l'ine control circuit RREDU which is used for selection
of redundant word I|ines selects the reference cell word |ines RALO_(or
RW.1). Thus, é&@ﬁ‘a\%é‘r’m'hEhﬁé?ﬁﬁE/caPFé”;?lz%l%aénﬁgﬁf‘ \dEGINLENRYP Tl s

sel ect ed, the data read tjnme can be reduced W, thout deterioratjng the
sensing abi | i &3R8 SHELITEHRR SHBIFP%NS%999 MRDResor FoF Eﬁﬂihﬁ cEB®di ng

hi nmbod h | of th
ot erence. col MG | FESY RRSI A FA RvbHe T aﬁg%hgnfﬁ{ & Fapeorh %"fna‘)xetrmrey
I d.| dundant I
e taised 1 nohrayniivottte Bonliitard Timp Seafs1oh FAERE SR vifeho o
the sensg ampl fa,% §68 de3ELoh0e OPSUE BhI 01 hr e 4 Tige S HILPY OfyLhe

word |inés by £ha address Transrtt on tection circul I gh speéed

readi ng of dag%f%%n% FoReYedEbARUbS AU R 18N Rﬁgﬁ‘eQﬂi%e&i‘&ioﬂe

Furthernmore, dué 10 to such an arrangement, a considerabl e sensing narg|n

can be obtai ngdslen i #¥EPA rSEEHAE1 4Rl F82dBAceA d POUAR R0 ana 4,
specifically described in the above enbodi nent, a sem conduct or storage

device of thigalaednbrdip@rénedaihes rardiby cras@idebatefobd Bihd NEWLIEL i on
apparatus, represented by a cellular telephone termnal or a PDA (personal

digital assisbaglld end tie sudadiddnt okdaid onidppasalestianhi @nspeed data
readi ng effect of the present invention can be obtained. For exanple, 20 in
t he casaoof asdenlall &DR ehdphons ireput ndien char meheory atpayatedundati mage
information used in an e-mail system or the |like, can be

transm tted/ r vogidvédnas ReMI ofs tbeumdmpmiyoaruayoMA Theselepftednaspoasare

stored in a
to select the reference cell word line RWL1.

Specific structures of the reference word line

15 control circuit RREGU used for selection of normal word
lines and the reference word line control circuit RREDU

used for selection of redundant word lines are described
below. Further, a method for selecting a reference word

line in a data read operation and in a test operation

20 according to the present invention is also described.

Figure 3 is a circuit diagram showing a specific
example (inverter-type word line driver) of the reference

word line control circuit RREGU and the reference word



non-vol ati |l esem conduct or storage device, such asa flash - 81 nenory, and
nor eover, the anobunt of such information to be processed has been

i ncreasing along with the devel opnent of functions of cellular tel ephone
termnals. Accordingly, there is a growing denmand for further J 5

i ncreasing the speed of processing such information. Specifically, for
exanple, a reduction of the tine required for reading data to be

conpr essed/ deconpressed for transm ssiqn,sqa reduction of the time required
for reading control codes, such as a program used for such data 10

conpr essi on/ deconpression, a reduction of the tine required for executing
the data conpression/deconpression, or the |like, have been demanded. A
sem conduct or storage devjce of the _present_invention can be readily
incorporatedi¥+9ﬁ1'9ﬁ5¥ﬂ£tF6F°&ﬁ& B 1o% Jfe9eFBr 4ge section, and 15
satisfy the above-descri bed demands for high-speed information processing.
For exanple, consider an infornmation apparatus 40 having a structure shown

in Fi , such Ll ul | eph i pal . i nf. '

appar 8t US40’ i nol udes T BRIRREoRE PO BRE GRS OF EORPETRPAGH EoBPron: o
i pul ation i ' h i pul-ation k the. like:

i splay secti ded eSS Epthn R EARRE P hnsCOoREE e 65 ki BRRGPton

processi g, Ohyddif $dKese105t88p BCRIhA 'v&o%c}dlfﬂé@taénﬂ' FREAY Y ce: 2

transm ssi on/ reception Sectron tor transmtti recerving rnfornmati on; and

a CPU (central S i JAYY. o s I 5
Crenry_oper afiy J2hRSHOKLE 106e AR TBub it eild L8 LRGPt
line control c¢ircuit RREDUL used for selection of

redundant word lines.

10 The reference word line control circuit RREGUL
used for selection of normal word lines is formed by an
inverter CO, an AND logical circuit Cl, a P-type
transistor PO, N-type transistors NO-N3, and a word line
drive inverter DRVO.

15

As in the reference word 1line control
circuit RREGU1, the reference word 1line control
cilrcuit RREDUL used for selection of redundant word lines
is formed by an inverter CO', an AND logical circuit C1°',

20 a P-type transistor PO', N-type transistors NO'-N3', and

a word line drive inverter DRV1.

The resistance of the P-type transistor PO (orPo0')

is set to a very high resistance value. When all of the



storage section in response to an input mani pulation instruction fromthe
mani pul ati on i nput section based on a predeterm ned information processing
program and rel evant data when certain information is transmtted or 10
received, while performng various information processing. A sem conductor
storage device of the present invention can readily be enployed as the
informati on and control code storage section, and in such a case, a

hi gh-speed data read effect of the presegh i.nvention can be achieved 15 in
the information apparatus 40. As described above, according to the present
invention, the potential of a word Iine of a reference cell and the
potential of a word line of a nmenory cell 20 fromwhich data is to be read
out are raised in a s¥nchronous manner .. Even whe ding of data Riy

started bef or ¥tH@HErERSIAT TS NP 1 e 0o r]'I )irﬁ 1ck ahgsSeria

e f et cased PRSI A et b Undiif it vbe Vit fEFoR0REY C0N
ot g n can batR 20idy S Aln 8t eheBceiRe Thes NI ARSI MY e &
word 11 e (or (27 SRunaatt By (BR{ Hab{IE)p8her s WK ALY BRE BoRA' T

capaci tance . 1THUS ardVIe {4 e Lol BT ok By IOT | ddiEse gt 8aat Ochhe

sane, an ares . the read access tinme can er reduce

W thout causi @&o%&fié@@%“én&ﬂﬂ{é‘bbﬁ%ntﬁ‘gﬂ BErt 19 Il fe b redlceqn0y6 A

storage devicé of the present invention can be readily enployed in an 15

i nformation apReAlRit0 L RWIAUCR 18 eGASeNot iBRtSPBEd dale mBafseihect of
the present invention can be achieved in a data read operation of the

information appRaedtilfesddeiiist OldNRImdMl st wblesn Whel réeedppaeenbrio 20
and can be readily nmade by those skilled in the art w thout departing from

t he scope andldpid i icoaft#dil S divvanit ORREBULOrdsadl yfort $slaotibnt eaded
that the scope of the clains appended hereto be limted to the description
as set florth hedeandarutwondhdinehatist betdlvatesibe broadly construed. -
84 WHAT IS CLAIMED I S:

Each of the reference word line control
circuit RREGU1l used for selection of normal word lines
and the reference word line control circuit RREDU1l used

15 for selection of redundant word lines receives the node
voltage HWL for word lines, the test control signal STEN,
and the word line enabling ATD signal SPW. The reference
word line control circuit RREGU1l used for selection of
normal word lines further receives the test word line

20 selection signal (first test signal) SDO and the normal
word line selection control signal SDM. The reference
word line control circuit RREDU1l used for selection of

redundant word lines further receives the test word line

selection signal (second test signal) SD1 and the



1. A sem conductor storage device, conprising: a nenory array including a
plurality of nenory cells; a reference array including a plurality of
reference cells ; a decoder section for selecting a nmenory cell fromthe
menory cells and a reference cell fromthe reference cells based on address
I nformati on; and a conparison/output section for conparing a read voltage
| evel fromthe nenory cell selected by the decoder section and a read
voltage | evel fromthe reference cell selsgerted by the decoder section so as
to output a result of the conparison in the formof data, wherein the
decoder section sinmultaneously outputs a selection signal to a word |ine of
the nmenory cell and a selection signal to a word line of the reference
erein: the

cell. 2. A sem r r devi.ce .according to claim1

memory array ﬁ%% u esﬁgngg%g 2353 ﬁﬁ%ﬁ%}%ﬁﬂl%o?ggﬁch398P§ §8ﬁ2ected to a
normal word |ine, and one or - 85 nore nenory cells respectively
connected to a redundant word line; and the reference array includes a

first reference cell 1n the above structure, the test control
signal STEN is zero (low level) when data is read from

5 amemory cell. Due to the AND logical circuit Cl1l (orCl'),

the N-type transistor N3 (or N3') is OFF regardless of

the output state of the test reference word line selection

signal SDO0 (or SD1). On the other hand, the N-type

transistors NO and NO' are ON due to the operation of the

10 inverters C0O and CO'. The word line enabling ATD

signal SPW is at a high level (supply voltage level) when

data is read from a memory cell, and therefore, both the

N-type transistors N1 and N1' are ON.

15 When the memory array normal word line MWL is
selected, the normal word 1line selection control
signal SDM is at high level, and therefore, the N-type
transistor N2 is ON. Thus, when all of the N-type
transistors NO-N2 are ON, the node SX0 is decreased to

20 the ground level, and a selection signal is output from
the word line drive inverter DRVO to the reference cell
word line RWLO, whereby the potential of the reference

cell word line RWLO rises.



which is conpared with the nenory cells connected to the normal word |ine)
and a second reference cell which is conpared with the nenory cells
connected to the redundant word line. 3. A sem conductor storage device
according to claim2, wherein: when the normal ward line is selected, the
decoder section selects a first word Iine connected to the first reference
cell simultaneously with selection of the normal word |ine; and when the
redundant word line is selected, the decgger section selects a second word
| ine connected to the second reference céell sinultaneously with selection
of the redundant word line. 4. A sem conductor storage device according to
claim 3, wherein the decoder section includes: a selection

det erm nati onsection for determ ning which of the normal word l[ine and the
redundant word |ine i lit¢BakErely edwhapedhon MeIIE ATrAHr fradrpdant - g6
a normal word line control section for selecting the normal word |ine

accordi ng to MeEhabieesRellorhat S6d ettt the JR W MAARE MR t AdPRor mal

word line is ts%l%%tsieolr?(:tc%%trol signal SDR is at high level, and

therefore, the N-type transistor N2' is ON. Thus, when
5 all of the N-type transistors NO'-N2' are ON, the node SX1
is decreased to the ground level, and a selection signal
is output from the word line drive inverter DRV1l to the
reference cell word line RWL1l, whereby the potential of
the reference cell word line RWL1l rises.
10
Inatest mode, i.e., in the case where a reference
cell ismanually and enforcedly accessed, the test control
signal STEN is 1 (high level). Thus, the N-type
transistors NO and NO' are OFF due to the operation of
15 the inverters CO and C0'. Therefore, control cannot be
exerted over reading of data regardless of the states of
the word line enabling ATD signal SPW, the normal word
line selection control signal SDM, and the redundant word
line selection control signal SDR.
20
In the test mode, the test reference word line
selection signals SDO and SD1 transition according to the
input address signal ADD. When the test reference word

line selection signal SDO is 1, the N-type transistor N3



a redundant word line control section for selecting the redundant word |ine
according to the address information when it is determned that the
redundant word line is to be selected; a first reference word |ine control
section for selecting the first word line when it is determined that the
normal word line is to be selected; and a second reference word |ine
control section for selecting the second word Iine when it is determ ned
that the redundant word line is to be gselsgcted. 5. A sem conductor storage
device according to claim4, wherein: when it is determ ned that the norma
word line is to be selected, the first reference word Iine control section
receives a selection signal for the normal word line or a signal indicating
that the normal word line is to be selected, and selects the first word

line, using as-SatRFRGEN spHhaktbernede sSE4s dsFrersesor rdine8FauRfne or
t he signal indicating that the nornal mgrd i ne . Eﬁg . 1S 10 be_selected,
and when it i Se¥&er mARPINRIt Ve ReBBAGENE R0 S d Tde I3 PUtBBtsEFRR: e,
t he second reference rd line control sectj recejves_a_sel ection.signa
for the redunddift KRR it Grive dren tenPRYP; f5 tHS T SRETPEGENARAE wor d
line is to be_selected sel ect s, the,secaond rd |ine si.n a
trigger, the 85 ﬁilbrhé sl?gﬁ%r Vﬁ?r?‘ﬁ% %g&uﬁ'ggﬁn\@'\oa?ld (%fl]nteh%rf?ﬁ%%épaﬁal
 ndicating t hale (NG efyadaneey dilble | 514800 SARG Sk the test
sem conduct or st oragé device accorélng to Claim4, Wherei'nt o a first test
signal can be JiJyujt b ] i contyro et and
the first ref &lrenceele:%)? }v’n)l(%:sdj (Ja'r#%r %g%ﬁeﬁggﬁeﬁ)gga?ngrﬁésggnls'elttho% ?hg%]e
transistor N3' is turned ON so that the node SX1 is
decreased to the ground level. Accordingly, a selection
signal is output from the word line drive inverter DRV1

10 to the reference cellword line RWL1l, whereby the potential

of the reference cell word line RWL1l rises.

In the above circuit example illustrated in

Figure 3, the word line driver is an inverter-type driver

15 where the P-type transistors PO and PO' are used as
high-resistance elements, but the present invention is

not limited thereto. The present invention can be
implemented with a different type of word line driver.

For example, a latch-type word line driver of Figure 4,

20 which is different from the inverter-type word line driver
of Figure 3, may be employed. Control of reference word

line decoding with such a latch-type word line driver will

be described below with reference to Figure 4.



first test signal; and a second test signal can be input to the second
reference word line control section, and the second reference cell is
enforcedly selected in response to the second test signal. 7. A

sem conduct or storage device according to claim4, wherein: an address
transition detection signal, which is - 88 output in response to
detection of a change in the address information, can be input to both the
first reference word line control sectioggand the second reference word
line control section; and when the address transition detection signal is
i nput, control of reference word lines can be perforned. 8. A sem conductor
storage device according to claim2, wherein the first reference cell and
t he second reference cell are set to the same_threshold value. 9. A

seni conduct or st or age Fd@RT& 4cidr §i Rt aflhRITalh WRGedRPERET
reference cell _and the second reference cell ar qmmon] y. conpected to the
G bit 1 ne SORFL LK SREDRAGCIIR o RP dEOF e A0 R R D GF afhE.

wher ei he | ' f fi | | he {i
Fororence col 'R AIRES | O SaphErt art BFoR <6bBRiHoRl Bitne SBBnnELPea 1o

t he second refer I e al e l. ; Fﬁﬁﬁ n he pgor mal
word |ine andlﬁﬁi E%gg égﬁgéi%gﬁgeCSb%F%g F&%ﬁ%ﬁgﬁt moé@ %?ngigﬁre 2
respectively. 89 _ 11. A sem conductor storage device according to

claim3, wherein the first reference cell and the second reference cell are

set to the sanme threshql fl;yalde 4 18he ARfdE GAIAUGHOE LS e d8¥LBo

according to claim3, wherein the first reference cell and the secon

reference cel lrejfre WL £oPELEHBE WOrd NQ neABBnkirb1l é€cuit RREGU2
used for selection of normal word lines, and the lower
part in the broken line box represents the reference word

10 line control circuit RREDU2 used for selection of

redundant word lines.

The reference word line control circuit RREGU2

used for selection of normal word lines is formed by an

15 inverter CO, an AND logical circuit C1l, an NOR circuit C2,
P-type transistors PO and Pl, N-type transistors NO-N4,

and a word line drive inverter DRVO.

As in the reference word 1line <control

20 circuit RREGU2, the reference word line <control
circuit RREDU2 used for selection of redundant word lines

is formed by an inverter CO', an AND logical circuit Cl1°',
anNORcircuit C2', P-type transistors P0O'and Pl',6 N-type

transistors NO'-N4', and a word line drive inverter DRV1.



13. A sem conductor storage device according to claim3, wherein the |oad
capacitance of the first word line connected to the first reference cel

and the | oad capacitance of the second word |ine connected to the second
reference cell are equal to the |oad capacitance of the normal word |ine
and the | oad capacitance of the redundant word |line, respectively. 14. An

i nformati on apparatus for performng a data read operation using the

seni conduct or st orage devi ce according tosgl ai m 1.
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Y. A&l . A{. A& Al . AF. Ar. Al . Al . Al . A& A& A&U. A. A&Y. AF. AL A. AL A. A& A&hl . A&l . A. A A
A&r. A& A A{. A A A& Ah. A{. A A& A. A& A9l . A&l
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Jca] cal] ca] CaL_ﬂ]sC@F%qU]oCP]m&a&{lnfg] Eﬂl&cﬁ-@yfpe transistor N4 (or N4')

5 is ON and the N-type transistor NO (or NO') is OFF, an
input node SXO0 (orSXl) of thewordlinedrive inverter DRVO
(or DRV1l) is decreased to the ground level, and a node SYO
(or SY1) is increased to a high voltage HWL level for word
lines, so that the potential of the reference cell word
10 line RWLO (or RWL1l) rises. Note that reference marks in
parentheses denote elements used when the reference word
line control circuit RREDU2 used for selection of

redundant word lines is activated.

15 Each of the reference word 1line control
circuit RREGU2 used for selection of normal word lines
and the reference word line control circuit RREDU2 used
for selection of redundant word lines receives the node
voltage HWL for word lines, the test control signal STEN,

20 and the word line enabling ATD signal SPW. The reference
word line control circuit RREGU2 used for selection of
normal word lines further receives the test reference word
line selection signal SDO and the normal word 1line

selection control signal SDM. The reference word line
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inverter DRV1 to the reference cell word line RWL1,
whereby the potential of the reference cell word 1line RWL1

rises.

20 Inatestmode, i.e., in the casewhere the reference
cell RCO (or RC1l) is manually and enforcedly accessed,
the test control signal STEN is 1 (high level). Thus,
the N-type transistors N1 and N1' are OFF due to the

operation of the inverters CO and CO'. Therefore,
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transistor P1' is turned OFF. As a result, the node SX1

is decreased to the ground level, and the potential of
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5 maintain the normal word line selection control signal SDM
and the redundant word line selection control signal SDR
at the ground level during test mode control (when the
test control signal STEN is 1). Otherwise, the test
reference word line selection signals SDO and SD1 may not
10 be appropriately controlled. As a result, both the
reference cell word lines RWLO and RWL1 may be
simultaneously selected. As a matter of course, it is
not necessary to provide a special arrangement so long
as the circuitry is designed such that both the normal
15 word line selection control signal SDM and the redundant

word line selection control signal SDR are at a low level

when the test control signal STEN is 1.

As described above, the circuitry including two

20 reference cell word lines RWLO and RWL1l can readily be
controlled with a simple circuit structure and without
depending on the type of a word line driver. Further,

even if the number of reference cell word lines is 3 or

more, a control circuit of the present invention can be
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implemented by extending the above-described circuit
structure example. The above-described circuit
structures illustrated in Figures 3 and 4 are merely
examples of the present invention. According to the
5 present invention, any circuit structure may be employed
so long as the above-~described features of the circuit
which are necessary for implementing the present invention

are provided.

10 Next, the normal word line selection signal
transition detection circuit XREGS and the redundant word
line selection signal transition detection circuit XREDS
of Figure 2, and a method of selecting among a memory array
normal word line (or a memory array redundant word line)

15 and a reference cell word line for reading data from a
memory cell, are described in detail with reference to

Figure 5.

Figure 5 is a block diagram showing a primary part
20 of amemory array/reference array word line control circuit
of the non-volatile semiconductor storage device of

Figure 2.

Prior to description of the normal word line
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selection signal transition detection circuit XREGS, an
operation of selecting the memory array normal word
line MWL is described in more detail. In the example
illustrated in Figure 5, assume that the number of address
5 signal lines for selecting the memory array normal word
line MWL is n (where n is a natural number). In response
to an address signal ADD, the normal word 1line
predecoder XPDEC transmits a normal word line selection
signal SX to the normal word line decoder XDEC through
10 a group of 2" normal word line selection signal lines. The
normal word line decoder XDEC raises the potential of a
desiredmainmemory normal word line MWL basedon thenormal

word line selection signal SX.

15 When at least one of the 2" normal word line
selection signal lines transmitting the normal word line
selection slgnal SX transitions to a high voltage level,
the normal word line selection signal transition detection
circuit XREGS detects this transition so as to output the

20 normal word line selection control signal SDM to the
reference word line control circuit RREGU which is used
for selecting normal word lines. The normal word line
selection control signal SDM indicates whether any one

of the memory array normal word lines MWL is selected.
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In response to this trigger signal SDM, the reference word
line control circuit RREGU raises the potential of the
referencecellwordline RWLO. Thenumberof signallines,
i (where i is a natural number), included in the signal
5 line group for transmitting the normal word line selection
control signal SDMmay be smaller than the number of signal
lines, 2", included in the signal 1line group for

transmitting the normal word line selection signal SX.

10 In this embodiment, the normal word line selection
control signal SDMwhich indicates selection of the memory
array normal word lines MWL is input from the normal word
line selection signal transition detection circuit XREGS
to the reference word line control circuit RREGU, whereby

15 the reference word line control circuit RREGU raises the
potential of the reference cell word 1line RWLO. However,
the present invention is not limited to such a structure.
For example, without providing the normal word line
selection signal transition detection circuit XREGS, the

20 normal word line selection signal SX may be directly input
to the reference word line control circuit RREGU through
a signal line group including 2" signal lines, whereby the
reference word line control circuit RREGU raises the

potential of the reference cell word line RWLO.
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5 for transmitting the normal word line selection signal SX
may include only one signal line or a plurality of signal
lines in consideration of the structure and layout area
of the reference word line control circuit RREGU. As a
matter of course, the number of signal lines can be
10 considerably reduced when the normal word line selection
signal transition detection circuit XREGS is provided,
as compared with when the normal word line selection
signal SX is directly input to the reference word line
control circuit RREGU through a signal line group
15 including 2" signal lines without providing the normal word

line selection signal transition detection circuit XREGS.

Prior to description of the redundant word line

selection signal transition detection circuit XREDS, an

20 operation of selecting the main memory redundant word
line ReWL is described in more detail. As shown in
Figure 5, the address signal ADD used for selection of

word lines is also input to the redundant word line

predecoder XPRDEC. The redundant word line
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signal RX to the redundant word line decoder XRDEC, and
further outputs a redundancy determination signal MD,
which indicates whether or not a normal word line is to
5 be replaced with a redundant word line, to the normal word
line predecoder XPDEC. 1In the example illustrated in
Figure 5, assume that the number of signal lines included
in a signal line group for transmitting the redundant word
line selectionsignal RXism (wheremis anatural number).

10 The number "m" is equal to the number of redundant word
lines,. This signal line group 1is connected to the
redundant word line decoder XRDEC. The redundant word
line decoder XRDECraises thepotential of adesiredmemory
array redundant word 1line ReWL based on the redundant word

15 line selection signal RX transmitted through the above

signal line group.

When at least one of the m signal lines for

transmitting the redundant word line selection signal RX

20 transitions to a high voltage level, the redundant word
line selection signal transition detection circuit XREDS
detects this transition so as to output the redundant word

line selection control signal SDR to the reference word

line control circuit RREDU which is used for selecting
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VH redunéQ t word Iines ()The redundant word line selection

control signal SDR indicates that any of the memory array
redundant word lines ReWL is selected. In response to
this trigger signal SDR, the reference word line control
5 clrcuit RREDU raises the potential of the reference cell
word line RWL1l. The number of signal lines, j (where j
is a natural number), included in the signal line group
for transmitting the redundant word line selection control
signal SDR may be smaller than the number of signal lines,
10 m, included in the signal line group for transmitting the

redundant word line selection signal RX.

In this embodiment, the redundant word line

selection control signal SDR which indicates selection

15 of the memory array redundant word lines ReWL is input
from the redundant word line selection signal transition
detection circuit XREDS to the reference word line control
circuit RREDU, whereby the reference word line control
circuit RREDU raises the potential of the reference cell

20 word line RWL1l. However, the present invention is not
limited to such a structure. For example, without
providing the redundant word line selection signal
transition detection circuit XREDS, the redundant word

line selection signal RX may be directly input to the
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the reference cell word line RWL1.

In the case where the reference cell word 1ine RWL1
is selected using the redundant word line selection signal
transition detection circuit XREDS, the signal line group
for transmitting the redundant word line selection

10 signal RX may include only one signal line or a plurality
of signal lines inconsiderationof the structure and layout
area of the reference word line control circuit RREDU.
As a matter of course, the number of signal lines can be
considerably reduced when the redundant word line

15 selection signal transition detection circuit XREDS is
provided, as compared with when the redundant word line
selection signal RX is directly input to the reference
word line control circuit RREDU through asignal line group
including m signal lines without providing the redundant

20 word line selection signal transition detection

circuit XREDS.

As described above, the normal word line selection

signal transition detection circuit XREGS detects a
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circuit RREGU which is used for selection of normal word
5 lines. Thus, when the normal word line selection signal
transition detection circuit XREGS is provided, there is
a concern that the output timing of the normal word line
selection control signal SDM is delayed with respect to
that of the normal word line selection signal SX, and
10 accordingly, a time difference is caused between the rising
times of the potential of the reference cell word line RWLO
and the potential of the memory array normal word 1ine MWL.
However, in an actual device, since a large number of memory
cells MCO are connected to the normal word lines, the wire
15 capacitance (gate capacitance) of the normal word lines
almost dominates the rising transition of the potential.
of the normal word lines. Thus, a delay of the normal
word line selectioncontrol signal SDMcaused by the normal
word line selection signal transition detection
20 circuit XREGS rarely causes a difference between rise
timings of the potentials of the reference cell word

line RWLO and the memory array normal word line MWL.

As described above, the redundant word line



109%4& () - LGLO%H& ()-LGLO%H& ()-!5 "10%H& ()-L Z 10%4& () -

>vaBuV7L ) F10%4& () -

' 109448 () - &10%44& () - &$10%4& () - F"310%4& ()-!h F10%4H& () - v&ZdEuV7Ls5310%
& () -s93F10%4& () -

F110%48' ()-f/10%4& ()- - 10%4& () -  +F10%4& () - Zdef gn~ @'s10%4& () - Lf 10%4& ()
19 mO%H& ()-SI MLO%H& ()- 10H 10H 10Hs710%4&' () - 09t wXMB7 10H 10H 10H
3710%H4& ()-!L/" 10%.HLH& ()-! V&' 10%/HVHE' () !L" 10%. HLH& ()-t!VvLIGLOYHH& () - F
xdEMB7 10H 1 F109%6& ()- "10%& ()-  L109%B& ()- |

Y10988& ()- " yY10%& ()-f3MO%& ()-)f}dEMB7 10H 1 9$109%& () - Lf

1096& () - ‘FlO%S&' ()-"1096& ()-" Y10%6& ()- F109%& ()-! O-dEMB7 10H

LSYIS10%8 () g JOUBE, (s cA0968 ()00 JA0SEE () Lo 21058, () -, 10380 -
detects a transition of the redundant word line selection
signal RX and then outputs the redundant word 1line
selection control signal SDR to the reference word line

5 control circuit RREDU which is used for selection of
redundant word lines. Thus, when the redundant word line
selection signal transition detection circuit XREDS is
provided, the output timing of the redundant word line
selection control signal SDR is delayed with respect to

10 that of the redundant word line selection signal RX.
However, in this case also, due to the wire capacitance
of the redundant word lines and the memory cells MCl, a
delay of the redundant word line selection control
signal SDR caused by the redundant word line selection
15 signal transition detection circuit XREDS rarely causes
a difference between rise timings of the potentials of
the reference cell word line RWL1l and the memory array

redundant word line ReWL.

20 Anoperationof the above structure isnowdescribed.
Specifically, a data read operation performed when a
non-redundant normal word line MWL is selected is

described with reference to the timing chart of Figure 6.
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10% () -s 10A%éggfpggiggéé)signal Figure 6 shows, from the top to
the bottom of Figure 6, supply voltage VCC; the node
5 voltage HWL for word lines:; a chip enabling signal CE#
whichisacontrolsignal foractivating the storage device;
an output enabling signal OE# which is a control signal
for permitting data output; the word line enable ATD
signal SPW which is output from an address transition
10 detection circuit ATD; the normal word line selection
control signal SDM; the redundant word line selection
control signal SDR:; the potential of the reference cell
word line RWLO; the potential of the reference cell word
line RWL1; the normal word line selection signal SX: the
15 potential of the memory array normal word line MWL: and
the potential of the memory array redundant word 1ine ReWL.
When both the chip enabling signal CE# and the output
enabling signal OE# are at the ground level, a data read
operation can be performed.
20
ReferringtoFigure 6, after the storage device 30
is powered on at time t0, the node voltage HWL for word

lines, which is used for reading of data, begins to rise

at time t1l.
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torage evice 30 1 powered on, the non-volatile

semiconductor storage device 30, such as a flash EEPROM,
5 is in a data readable state. That is, in this state, data
can be read out from the storage device 30 by decreasing

the chip enabling signal CE# to the ground level.

Then, at time t3, the word line enable ATD

10 signal SPWrisesinresponsetofallingof thechipenabling
signal CE#. In response to the rising of the word line
enable ATD signal SPW, the normal word line
predecoder XPDEC raises the normal word line selection
signal SX and outputs this raised signal SX to the normal

15 word line decoder XDEC and the normal word line selection

signal transition detection circuit XREGS.

At time t4, in response to the rising of the normal
word line selection signal SX, the normal word line
20 decoder XDEC begins to raise the potential of the

predetermined memory array normal word line MWL.

On the other hand, the normal word line selection

signal transition detection circuit XREGS detects a
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line selection control signal SDM to the reference word
line control circuit RREGU which is used for selection
5 of normal word lines. The reference word line control
circuit RREGU detects that the normal word line selection
control signal SDM reaches the supply voltage level, and
begins to raise the potential of a predetermined reference
cell word line RWLO. As described above, the operation
10 time of the normal word line selection signal transition
detection circuit XREGS is compensated for by the wire
capacitanceof thewordlines tosome extent, and therefore,
the rise timing of the predetermined potential of the
reference cell word line RWLO and the rise timing of the
15 predetermined memory array normal word line MWL occur at

substantially the same time.

After a while, reading of data is completed, and

then, the word line enable ATD signal SPW falls to a low

20 level at time t5. As a result, both the reference cell
word line RWLO and the potential of the predetermined
memory array normal word line MWL falls to the ground level

at time te6.
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word line RWLO is raised in response to a trigger signal,
i.e., the normal word line selection signal SX which is
used for selecting the memory array normal word line MWL
or the normal word line selection control signal SDM which
indicates selection of the memory array normal word
lines MWL, whereby a difference in the rise timings of
both the potential of the reference cell word line RWLO
and the potential of the memory array normal word line MWL
can be eliminated as much as possible toanegligible level,
while the load capacitances of the reference cell word
line RWLO and the memory array normal word line MWL become
equal to each other. Thus, the possibility that the sense
amplifier S/A commits erroneous reading is considerably
reduced even at the start of a data read operation.
Furthermore, if the possibility of erroneous reading is
considerably reduced, the timing of the start of a data
read operation occurs earlier, and as a result, the data
read speed can be further increased without causing

erroneous reading of data.

Next, a data read operation performed when a
redundant word line is selected is describedwith reference

to the timing chart of Figure 7. InFigure 7, aredundancy
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se ectégn signagﬁkﬂ aré)considered i) addition to the
various signals described above, and a redundant word line
is considered in place of the memory array normal word
5 line MWHL. The operation from time tO0 through time t3 is
totally the same as that described in Figure 6, and
therefore, the description thereof ishereinomitted. The

following description begins with time t4.

10 After a while since the word line enable ATD
signal SPW has risen, the normal word line selection
signal SX rises to the supply voltage level at time t4.
The normal word line selection signal transition detection
circuit XREGS detects the transition of the normal word

15 line selection signal SX (high level voltage) so as to
raise the normal word line selection control signal SDM.
In response to this operation, both the reference cell
word line RWLO and the memory array normal word line MWL
begin to rise.

20

However, immediately after that, the redundancy
determination signal MD is output from the redundant word
line predecoder XPRDEC to +the normal word line

predecoder XPDEC at time t4. Both the normal word line
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selection signal SX and the normal word line selection
control signal SDM which indicates selection of a normal
word line decrease to a low level. As a result, the
reference cell word line RWLO and the potential of the

5 memory array normal word line MWL transition to the ground

level.

In this way, in response to the issuance of the

redundancy determination signal MD, the redundant word

10 line predecoder XPRDEC outputs the redundant word line
selection signal RX to the redundant word 1line
decoder XRDEC and the redundant word line selection signal

transition detection circuit XREDS.

15 Then, the redundant word line selection signal
transition detection circuit XREDS detects a transition
of the redundant word line selection signal RX (high level
voltage) and outputs the redundant word line selection
control signal SDR to the reference word line control

20 circuit RREDU.

At time t5, the reference word line control
circuit RREDU begins to raise the potential of the

reference cell word line RWL1l in response to the rising
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L H b%%iﬁﬂl_sl&tg)raise %e pot(ePntia'\{l o?‘é‘hg)preé}etermined memory
array redundant word line ReWL in response to the rising

5 of the redundant word line selection signal RX.

In this example, after the potential of the memory
array normal word line MWL began to rise, the memory array
normal word line MWL is canceled and switched to the

10 predetermined memory array redundant word line ReWL.
This is because, as described above, the normal word line
predecoder XPDEC undesirably issues the normal word line
selection signal SX while the redundant word line
predecoder XPRDEC is considering whether the

15 predetermined memory array normal word line MWL is
switched to the predetermined memory array redundant word
line ReWL based on the address signal ADD, and accordingly,
a certain length of time is required for canceling the
normal word line selection signal SX by the redundancy

20 determination signal MD.

After a while, reading of data is completed, and
then, the word line enable ATD signal SPW falls to a low

level at time t6. 1In response to the falling of the word
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line enable ATD signal SPW, both the reference cell word
line RWL1 and the memory array redundant word line ReWL

fall to the ground level at time t7.

5 As described above 1in conjunction with the
conventional art, in a conventional memory device, when
it is necessary to replace the predetermined memory array
normal word line MWL selected based on an input address
signal with the memory array redundant word line ReWL,

10 the normal word line selection signal SX is generally
canceled after a redundancy determination process is
completed, and thereafter, selection of redundant word
lines is performed. Thus, therise timingof the potential
of the memory array redundant word line ReWL is inevitably

15 delayed with respect to the rise timing of the potential
of the predetermined memory array normal word line MWL.
Therefore, in the case of using a conventional reference
word line control method, a considerable time difference
is produced between the rise timing of the potential of

20 the reference cell word line RWL and the rise timing of

the potential of the memory array redundant word 1ine ReWL.

According to the present invention, however, a

delay time produced by replacement of the memory array
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of reference cell word lines RWL (in the above example,
5 two reference cell word lines RWLO and RWL1l). That is,
a selection determination section formed by the normal
word line predecoder XPDEC and the redundant word line
predecoder XPRDEC determines which of the memory array
normal word line MWL and the memory array redundant word
10 line ReWL is to be selected based on address information.
After the determination, the normal word line decoder XDEC
(or the redundant word line decoder XRDEC) selects the
memory array normal word line MWL (or the memory array
redundant word line ReWL), and at the same time, the
15 reference word line control circuit RREGU which is used
for selection of normal word lines (or the reference word
line control circuit RREDU which is used for selection
of redundant word lines) selects the reference cell word
lines RWLO (or RWL1l). Thus, even when the memory array
20 redundant word line ReWL is selected, the data read time
can be reduced without deteriorating the sensing ability

of the sense amplifier S/A.

As described above, according to this embodiment
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| Q' 10%HQHE ()f theopagemEt invention, the potentlal of the reference
cell word lines RWLO (or RWL1l) and the potential of the
memory array normal word line MWL (or the memory array
redundant word line ReWL) are raised in a synchronous

5 manner. Thus, even if the sensing timing of the sense

amplifier S/A is set to occur prior to the rise timing
of the word lines by the address transition detection
circuit ATD, high speed reading of data can be achieved
without causing an erroneous operation. Furthermore, due

10 to such an arrangement, a considerable sensing margin can

be obtained for achieving secure data reading.

Although not specifically described in the above

embodiment, a semiconductor storage device of this

15 embodiment can be readily incorporated in an information
apparatus, represented by a cellular telephone terminal

or a PDA (personal digital assistant), and in such an
information apparatus, a high-speed data reading effect

of the present invention can be obtained. For example,

20 in the case of a cellular telephone terminal, character
information and image informationused inan e-mail system,

or the like, can be transmitted/received as well as sound
information. These information are stored 1in a

non-volatile semiconductor storage device, suchas a flash
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be processed has been increasing along with the development
of functions of cellular telephone terminals.
Accordingly, there is a growing demand for £further
5 increasing the speed of processing such information.
Specifically, forexample, areduction of the time required
for reading data to be compressed/decompressed for
transmission, a reduction of the time required for reading
control codes, such as a program used for such data
10 compression/decompression, a reduction of the time
required for executing the data compression/decompression,
or the like, have been demanded. A semiconductor storage
device of the present invention can be readily incorporated
in an information and control code storage section, and

15 satisfy the above-described demands for high-speed

information processing.

For example, consider an information apparatus 40

having a structure shown in Figure 18, such as a cellular

20 telephone terminal. The information apparatus 40
includes: an information and control code storage section;:

a manipulation input section, such as manipulation keys

or the like: a display section for displaying an initial

image, results of information processing, or the like,
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such as a liquid crystal display device; a
transmission/reception section for
transmitting/receiving information; and a CPU (central
processing unit) for performing read/write processing
5 (memory operation) on the information and control code
storage section in response to an input manipulation
instruction £from the manipulation input section based on
a predetermined information processing program and
relevant data when certain information is transmitted or
10 received, while performing various information processing.
A semiconductor storage device of the present invention
can readily be employed as the information and control
code storade section, and in such a case, a high-speed
data read effect of the present invention can be achieved

15 in the information apparatus 40.

As described above, according to the present
invention, the potential of a word line of a reference
cell and the potential of a word line of a memory cell

20 fromwhich data is to be read out are raised in a synchronous
manner. Even when reading of data is started before the
potential of an intended word line reaches a predetermined
voltage as in a conventional device, the data read speed

can be increased without causing an erroneous operation.
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5 Furthermore, a first word line (or a second word
line) of a reference array and a normal word line (or a
redundant word line) of a memory array have the same load
capacitance. Thus, the rise timings of these word lines
are also the same, and as a result, the read access time

10 can be further reduced without causing an erroneous

operation.

Further still, a semiconductor storage device of

the present invention can be readily employed in an

15 information apparatus, and in such a case, a high-speed
data read effect of the present invention can be achieved

in a data read operation of the information apparatus.

Various other modifications will be apparent to

20 and can be readily made by those skilled in the art without
departing from the scope and spirit of this invention.
Accordingly, it isnot intended that the scope of the claims
appended hereto be limited to the description as set forth

herein, but rather that the claims be broadly construed.
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1. A semiconductor storage device, comprising:

a memory array including a plurality of memory
cells;

a reference array including a plurality of
reference cells;

a decoder section for selecting a memory cell from
the memory cells and a reference cell from the reference
cells based on address information; and

a comparison/output section for comparing a read
voltage level from the memory cell selected by the decoder
section and a read voltage level from the reference cell
selected by the decoder section so as to output a result
of the comparison in the form of data,

wherein the decoder section simultaneously
outputs a selection signal to a word line of the memory
cell and a selection signal to a word line of the reference

cell.

2. A semiconductor storage device according to claim 1,
wherein:
the memory array includes one or more memory cells

respectively connected to a normal word line, and one or
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which is compared with the memory cells connected to the
normal word line, and a second reference cell which is
compared with the memory cells connected to the redundant

word line.

3. A semiconductor storage device according to claim 2,
wherein:

when the normal word line is selected, the decoder
section selects a first word line connected to the first
reference cell simultaneously with selection of the normal
word line; and

when the redundant word line is selected, the
decoder section selects a second word line connected to
the second reference cell simultaneously with selection

of the redundant word line.

4. A semiconductor storage device according to claim 3,
wherein the decoder section includes:

a selection determination section for determining
which of the normal word line and the redundant word line

is to be selected based on address information;
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selected:

aredundant word line control section for selecting
the redundant word line according to the address
information when it is determined that the redundant word
line is to be selected:

a first reference word line control section for
selecting the first word line when it is determined that
the normal word line is to be selected; and

a second reference word line control section for
selecting the second word line when it is determined that
the redundant word line is to be selected.

5. A semiconductor storage device according to claim 4,
wherein:

when it is determined that the normal word line
is to be selected, the first reference word line control
section receives a selection signal for the normal word
line or a éignal indicating that the normal word line is
to be selected, and selects the first word line, using
as a trigger, the selection signal for the normal word

line or the signal indicating that the normal word line



is to be selected; and

when it is determined that the redundant word line
is to be selected, the second reference word line control
section receives a selection signal for the redundant word
line or a signal indicating that the redundant word line
is to be selected, and selects the second word line, using
as a trigger, the selection signal for the redundant word
line or the signal indicating that the redundant word line

is to be selected.

6. A semiconductor storage device according to claim 4,
wherein:

a first test signal can be input to the first
reference word line control section, and the first
reference cell is enforcedly selected in response to the
first test signal; and

a second test signal can be input to the second
reference word line control section, and the second
reference cell is enforcedly selected in response to the

second test signal.

7. A semiconductor storage device according to claim 4,
wherein:

an address transition detection signal, which is



output in response to detection of a change in the address
information, can be input to both the first reference word
line control section and the second reference word line
control section; and

when the address transition detection signal is

input, control of reference word lines can be performed.

8. A semiconductor storage device according to claim 2,
wherein the first reference cell and the second reference

cell are set to the same threshold value.

9. A semiconductor storage device according to claim 2,
wherein the first reference cell and the second reference

cell are commonly connected to the same bit line.

10. A semiconductor storage device according to claim 2,
wherein the load capacitance of a first word line connected
to the first reference cell and the load capacitance of
a second word line connected to the second reference cell
are equal to the load capacitance of the normal word line
and the load capacitance of the redundant word line,

respectively.



11. A semiconductor storage device according to claim 3,
wherein the first reference cell and the second reference

cell are set to the same threshold wvalue.

12. A semiconductor storage device according to claim 3,
wherein the first reference cell and the second reference

cell are commonly connected to the same bit line.

13. A semiconductor storage device according to claim 3,
wherein the load capacitance of the first word line
connected to the first reference cell and the 1load
capacitance of the second word line connected to the second
reference cell are equal to the load capacitance of the
normal word line and the load capacitance of the redundant

word line, respectively.

14. An information apparatus for performing a data read
operationusing the semiconductor storage device according

to c¢laim 1.



